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LOOKING AHEAD 





Unless otherwise indicated, all events take place in London. B.C.A.C., British Conference 
on Automation and Computation. B.C.S., British Computer Society. Brit.I.R.E., British 
Institution of Radio Engineers. 1.C.E., Institution of Civil Engineers. 1.Chem.E., Institution 
of Chemical Engineers. 1.E.E., Institution of Electrical Engineers. I.Mech.E., Institution 


of Mechanical Engineers. L-Prod.E., 


Institution of Production Engineers. I. s. A., Instru- 


ment Society of America. R.Ae.S., Royal Aeronautical Society. S.B.A.C., Society of 
British Aircraft Constructors. S.1.T., Society of Instrument Technology. 


WEDNESDAY 12 APRIL 

A symposium on Materials of construction 
at Birmingham University. Details: T. R. 
Bott, Chemical Engineering Dept, The Uni- 
versity, Birmingham, 15. (/.Chem.E.) 


THURSDAY 13 APRIL 

The Graham Clark lecture: Resources, human 
and material, of the Commonwealth, by H.R.H. 
The Duke of Edinburgh. (/.C.£.) 


MONDAY 17—WEDNESDAY 19 APRIL 

7th National U.S.A. Symposium on IJnstru- 
mental methods of analysis. Shamrock- 
Hilton Hotel, Houston, Texas, U.S.A. 
Details: Meetings Manager, 1.S.A., 313 Sixth 
Av., Pittsburgh, 22, Pa, U.S.A. 


TUESDAY 18—WEDNESDAY 19 APRIL 

Science and industry—the problem of com- 
munication. Brangwyn Hall, Swansea. Regi- 
stration: D.S.I.R. Liaison Officer for Wales, 
Block II, Government Bidgs, Gabalfa, 
Cardiff. 


WEDNESDAY 19 APRIL 

The design, application and selection of 
automatic control valves by P. Stone. 7 p.m. 
The Conference Room, Roadway House, 
Oxford St, Newcastle upon Tyne, 1. (S./.T) 


Electronic telephone exchanges by T. H. 
Flowers. 7 p.m. (S.1.T.) 


WEDNESDAY 19—FRIDAY 21 APRIL 

The 14th Annual Conference of the Institution 
of Plant Engineers. Details: The Institution 
of Plant Engineers, 2 Grosvenor Gdns, S.W.1. 


THURSDAY 20 APRIL : 
One-day symposium on Air traffic control. 
R.Ae.S., 4 Hamilton Place, W.1. 


THURSDAY 20 APRIL—THURSDAY 4 MAY 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition, Olympia. 


TUESDAY 25 APRIL 
Instrumentation in the iron and steel industry 
by A. H. Pople. 7 p.m. (S./.T.) 


WEDNESDAY 26 APRIL 
Symposium on Electronic counting techniques. 
6.30 p.m. (Brit. I.R.E.) 


FRIDAY 28 APRIL 

Techniques for digital data links. A lecture 
demonstration by T. D. Towers at the London 
School of Hygiene and Tropical Medicine. 
Details: W. Birtwistle, 78 Shaw Rd, Rochdale, 
Lancs. 


SUNDAY 30 APRIL—THURSDAY 4 MAY 

7th National aero-space instrumentation sym- 
posium. Adolphus Hotel, Dallas, Texas., 
Details: W. J. Gabriel, Convair Divn, 
General Dynamics Corp., Ft Worth, Texas, 
U.S.A. 


WEDNESDAY 3 MAY 
Symposium on Computer control of air traffic. 
5.30 p.m. (Brit. 1.R.E.) 


WEDNESDAY 3—THURSDAY 4 MAY 

Railway modernization. A conference organ- 
ized jointly by I.C.E., I.Mech.E., and I.E.E. 
Details: (/.C.£.) 








WEDNESDAY 3—SATURDAY 13 MAY 
British Columbia International Trade 
Exhibition Park, Vancouver, Canada. 


Fair, 


MONDAY 8—WEDNESDAY 10 MAY 

4th National I.S.A. Power Instrumentation 
Symposium. La Salle Hotel, Chicago, IIl., 
U.S.A. Details: Meetings Manager, I.S.A., 
313 Sixth Av., Pittsburgh, 22, Pa, U.S.A. 


TUESDAY 9—WEDNESDAY 10 MAY 
Standards Engineers Conference. 
B.S.1., 2 Park St, W.1. 


Details: 


TUESDAY 9—WEDNESDAY 17 MAY 
International Exhibition of Measurement, 
Control, Regulation and Automation (Mesu- 
eora) and 58th Exhibition of French Physical 
Society. C.N.LT., Paris. Secrétariat Général, 
40, rue du Colisée, Paris, 8e, France. 


WEDNESDAY 10—FRIDAY 12 MAY 

Pulp and Paper Instrumentation Symposium. 
Northland Hotel, Green Bay, Wisc., U.S.A. 
Sponsors: I.S.A. and T.A.P.P.I. Details: 
Meetings Manager, I.S.A., 313 Sixth Av., 
Pittsburgh, 22, Pa, U.S.A. 


An international conference on Materials 
handling. Southport. Details: Institute of 
| Handling, 69 Cannon St, London, 
E.C.4. 


FRIDAY 19 MAY—SUNDAY 4 JUNE 

British Trade Fair, Moscow. Details: In- 
dustrial and Trade Fairs Ltd, Russell St, 
London, W.C.2. 


MONDAY 22—WEDNESDAY 24 MAY 

10th National Telemetering Conference, 
Hotel Morrison, Chicago, Ill., U.S.A., Spon- 
sors: 1.S.A., A.LE.E., A.R.S., LA.S., I.R.E. 
Details: Meetings Manager, I.S.A., 313 Sixth 
Av., Pittsburgh, 22, Pa, U.S.A. 


WEDNESDAY 24 MAY—SUNDAY 4 JUNE 
The 24th Salon International de L’Aéronaut- 
ique, Le Bourget, Paris, France. 


TUESDAY 30 MAY—FRIDAY 2 JUNE 

Radio and Electronic Component Show, 
Olympia. Details: Industrial Exhibitions 
Ltd, 9 Argyll St, W.1. 


TUESDAY 6—THURSDAY 8 JUNE 

1.S.A. Summer Instrument-Automation Con- 
ference and Exhibition, Royal York Hotel 
and Queen Elizabeth Hall, Toronto, Ont., 
Canada. Details: Wm H. Kushnick, I.S.A., 
313 Sixth Av., Pittsburgh, 22, Pa, U.S.A. 


FRIDAY 9—SATURDAY 17 JUNE 

13th Chemical Engineering Exhibition and 
Congress, Frankfurt am Main. Details: 
Dechema, Decheme-Haus, Rheingau-Allee 
25, Frankfurt am Main, Germany. 


MONDAY 12 JUNE 

Air Pollution Instrumentation Symposium 
(with the June 12-16 annual meeting of the 
Air Pollution Control Association), Hotel 
Commodore, New York City, N.Y., U.S.A. 
Sponsors: I.S.A. and A.P.C.A. Details: Meet- 
ings Manager, I.S.A., 313 Sixth Av., Pitts- 
burgh, 22, Pa, U.S.A. 


MONDAY 12—THURSDAY 15 JUNE 
British Electrical Power Convention: Elec- 
tricity in the prosperity a 
nation. Details: Electrical Development Asso- 
ciation, 2 Savoy Hill, W.C.2. 


nd welfare of the 


MONDAY 12—SATURDAY 17 JUNE 
Conference on Components and materials 


used in electronic en > Central Hall, 
Westminster, S.W.1. 


TUESDAY 13—FRIDAY 16 JUNE 
3rd _ Biennial International Gas Chromato- 
graphy Symposium, Kellogg Center, ar 
tate University, East = Mich., 

Details: Meetings Mana 71 S.A., S13 Saath 
Av., Pittsburgh, 22, Pa, 


THURSDAY 15—FRIDAY 16 JUNE 

Two open days at Bisra’s Sheffield Labora- 
tories. Details: D. U. Hunt, B.I.S.R.A., 1 
Park Lane, London, W.1. 


MONDAY 19—FRIDAY 23 JUNE 
6th International Instrument Show, 4 Tilney 
St, Park Lane, W.1. Sponsors: B. K. 
Laboratories. 


MONDAY 26 JUNE—SATURDAY 1 JULY 
International Measurements Conference, 
(Imeko), Budapest. Details: Prof. J. F. Coales, 
Cambridge University, Trumpington St, Cam- 
bridge, or Imeko Secretariat, Budapest 3, 
P.O.B. 3, Hungary. 


TUESDAY 27—FRIDAY 30 JUNE 

A conference on The social and economic 
effects of automation, sponsored by members 
of the B.C.A.C. Applications for tickets to 
The British Institute of Management, 80 
Fetter Lane, E.C.4. 


WEDNESDAY 28—FRIDAY 30 JUNE 

2nd Joint Automatic Control Conference. 

University of Colorado, Boulder, Colo., 

U.S.A. Sponsors: I.S.A., A.I.Ch.E., A.LE.E., 

A.S.M.E., I.R.E. Details: Meetings Manager, 

ae 313 Sixth Av., Pittsburgh, 22, Pa, 
S.A. 


LOOKING FURTHER AHEAD 


WEDNESDAY 5—SATURDAY 9 JULY 
Radio techniques and space research. A con- 
vention at Oxford University. (Brit. I.R.E.) 


SUNDAY 16—FRIDAY 21 JULY 


4th International Conference on Medical 
electronics at the Waldorf-Astoria, New 
York. Sponsors: I.R.E., A.I.E.E., IS.A. 


Details: Institute of Radio Engineers, 1 
East 79th St, New York City, N.Y., U.S.A. 


WED. 30 AUGUST—WED. 6 SEPTEMBER 
Annual Meeting, British Association for the 
Advancement of Science, Norwich. Details: 
Secretary, B.A.A.S., 19 Adam St, Strand, 
London, W.C.2. 


MONDAY 4—SATURDAY 9 SEPTEMBER 

3rd International Session of the International 
Association for Analogue Computation. 
Belgrade, Yugoslavia. tails : ugoslav 
Committee for Etan, Terazije, 23/VII, Bel- 
grade, Yugoslavia. 


MONDAY 4—SUNDAY 10 SEPTEMBER 

S.B.A.C. Flying display and _ exhibition, 
Farnborough. Details: S.B.A.C., 29 King 
St, St James’s, London, S.W.1. 


TUESDAY S5—FRIDAY 8 SEPTEMBER 

An international conference on Machine 

translation of language and applied language 

analysis. National Physical Laboratory, Ted- 

on ton, Middlesex. Papers to Dr A. M. 
ttley, Autonomics Division, N.P.L. 


WEDNESDAY 6—FRIDAY 8 SEPTEMBER 
International Symposium on the Transmission 
and processing of information. ae 
Institute of Technology. Submission of pa 

is invited. Details: R. tat R.L.E., M. tT. 
Cambridge, 39, Mass., U.S.A 


WEDNESDAY 4—THURSDAY 12 OCTOBER 
Second Electronic Computer Exhibition and 
Symposium, London. tails: Mrs 8S. S. 
Elliott, 64 Cannon St, E.C.4, 
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The new Luddism 


N THE EARLY nineteenth century, during the first 
[ of industrial revolution, working men 

feared for their jobs because the new labourers 
—machines—knew better how to ingratiate them- 
selves with their employers. They were more effec- 
tive and more efficient, less easily tired and less 
tiresome, and their. prowess in many respects was 
obviously beyond reach of human competition. 
Poor, half-witted Ned Ludd left his mark on 
history in 1799 by breaking stocking frames. Later, 
in the years 1811 to 1816, bands of ‘ Luddites’ 
roamed around the country smashing labour- 
saving machinery, burning factories, and trying 
vainly in other ways to halt their supposed adver- 
sary. Much as some may sneer at the short- 
sighted attitude of the: Luddites, few can entirely 
suppress sympathy for their feelings. 

In recent years there has been some slight re- 
surgence of Luddism, and this has come about for 
much the same reasons as in the nineteenth cen- 
tury. Automatically controlled machines are now 
the bogy, at least in those more efficient firms 
where they are taking over. On the face of it the 
neo-Luddite argument is clear. Automatized plant 
produces more goods with less labour. Hence, if 
there were full automation, the labour force would 
be reduced to negligible size. Consequently it is 
against the workers’ interests to admit the auto- 
matic equipment. 

We have visited a great many firms in this 
country, and in our experience the neo-Luddite 
argument is disproved by events. In no case that 
we know has the introduction of automatic control 
led to the dismissal of labour. Users of automatic 
plant claim that their production is more efficient 
and their product better, yet in every instance 
they emphasize that the men whose labour they 
have saved do not become redundant but are 
employed elsewhere. ’ 

This apparently paradoxical ability to produce 
more with less labour and still not dismiss work- 
people, it may be observed, arises from a happy 
coincidence: the better and more efficient organi- 
zations are the very ones that introduce automatic 
control, and they are aiso (therefore) the organi- 
zations that grow and prosper; their expansion 
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absorbs the displaced labour. This cannot con- 
tinue indefinitely, says the pessimist. The optimist, 
on the other hand, sees that there is a tremendous 
amount of industrial renovation required, particu- 
larly in older-established manufacturing countries 
like Britain, and adds that as this will all take time 
the demands of an ‘ affluent society ’ can be made 
to rise in such a way as to ease the transition from 
manual to robot labour. 

The neo-Luddites deny that this is possible, and 
they have now found their evidence in that most 
automatized of countries, the United States. The 
American economy is suffering a serious recession. 
Unemployment was 5,705,000 in February, so 
about 7% of the total labour force was out of work. 
Why should the world’s richest nation find herself 
in this position? The neo-Luddites blame it on 
automation, and disregard balance-of-payment 
problems and other politico-economic factors. 
There may be some truth in this, especially in the 
short term, but they have a far more serious charge 
to make, and one that is much harder to answer. 
Although automation may not be responsible for 
workers being /aid off, it can be blamed for short- 
age of vacancies. In the words of an American 
politician, the trouble ‘is not the worker who is 
fired but the worker who is not hired’. The 
American magazine Time has given figures that 
tend to confirm this. For example, chemical pro- 
duction has gone up 27% since 1956 although the 
industry employs 3% fewer people; steel-making 
capacity is 20% bigger than in 1955 although 
17,000 fewer workers are engaged; and Bell 
telephones handle 50% more calls than they did 
ten years ago, with a mere 10% increase in labour. 

In spite of these figures we find it difficult to 
believe that automatically controlled machinery is 
ultimately to blame for the general increase in 
American unemployment. The causes lie much 
deeper: but they exist, and they must be recog- 
nized and countered. Western industrial progress 
depends vitally on automation, and there must be 
no excuse for neo-Luddite wreckers to oppose it. 
Here is a really serious fundamental problem for 
the various governments. Let us hope they are 
up to it. 
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VIEWPOINT 


H. G. Conway, Deputy Managing Director and 
Chief Engineer of Short Brothers and Harland, 
discusses the lay executive’s problems in... 


MANAGING THE CONTROL ENGINEER 


The developments which have taken place in recent 
years in control engineering have introduced many 
new problems which management must face, not the 
least of which are personal to the managers them- 
selves. While accountants are found in senior posi- 
lions in some firms, in technical organizations a 
manager will usually have been drawn from the 
engineering or production ranks, and have had sub- 
stantial experience of the practical problems of 
designing, developing and manufacturing the com- 
pany’s products. In many fields, particularly heavy 
engineering, ship-building, and the like, managers 
are often regarded with a respect based on the know- 
ledge that, in their day, they too worked on a draw- 
ing board or a machine doing the same job that is 
now done by those under their control. 

In many branches of control engineering today the 
position is quite different. Much of the truly creative 
work in the electronic and light precision mechanical 
fields which make up control engineering is done by 
young engineers, many of them under thirty years of 
age. These men may have had little practical 
experience on the drawing board or in production, 
and while such experience would undoubtedly benefit 
them in the long run, it must be admitted that they 
seem well able to get on without it. The circuit 
diagram takes the place of the drawing board, and 
the quarter-inch drill and soldering iron required to 
produce the bread-board electronic chassis take the 
place of the lathe and the milling machine. 

Except in the relatively unusual case of the firm 
that has been in control engineering for some years, 
the manager will be faced with the extremely difficult 
task of controlling a group whose designs, produc- 
tions, and indeed often jargon, are incomprehensible 
to him. In other words, not only is his mathematical 
and electrical background inadequate for him to 
understand the circuitry involved, but his own 
experience does not cover the products being 
exploited. 

Management is thus faced with its own personal 
control problem. It can only operate by direct con- 


trol on men, as opposed to the classic method of 
combining control on men with a degree of control 
on the product itself. The management of intelligent 
young control engineers is almost an art in itself! 
They are usually full of ideas and enthusiastic, quite 
unconcerned about vulgar economics, and often have 
little comprehension of the practical problems that 


. will be met in making their designs. These gaps in 


their experience are inevitably due to their own lack 
of practical experience. Yet these are the men who 
are fertilizing the first-class work in electronics and 
precision engineering which is now being done. 

Management must find the means to create con- 
ditions under which these engineers can create. As 
generous a development budget as is practical, and 
a laboratory where they can play, are two essentials, 
but elaborate ‘ showplace ’ laboratories are not neces- 
sarily either effective or desirable. Fortunately, it is 
usually possible to develop these machines step by 
step: bread-board, prototype unit, prototype collec- 
tion of units, and finally production. If each stage 
is tested and demonstrated properly, any risk that the 
final machine will not be satisfactory can be mini- 
mized. There must be no parallel with the ship which 
is at least fifty per cent complete by the time it is 
launched. The risk of control equipment ‘ sinking ” 
when it is ‘launched’ is not inconsiderable, and a 
stage-by-stage practical demonstration that the system 
works is essential. This is an obvious means whereby 
management can exercise a degree of control without 
full comprehension. 

Control engineering is a new art that is rapidly 
becoming a science. The bright young men of today, 
whom management find incomprehensible, will them- 
selves be the managers of tomorrow. It is to be hoped 
that they in their turn will not themselves be over- 
taken by the pace of technical progress. 
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LETTERS 


to the EDITOR 


No room for untidy thoughts 


SIR: I have read with interest K. C. 
Garner’s comments on the Interkama 
in Diisseldorf (Nov.) and find myself 
sympathizing with his conclusions on 
the lack of British enthusiasm and 
foresight. 

I am a very recent subscriber to 
Control and am concerned with the 
industrial design of computers and 
allied electronic equipment. It would 
seem that from my study the British 
examples stand out as a collection of 
unrelated ‘steel boxes’ and are over- 
shadowed by the American and 
Italian designs. Though I am not re- 
ferring directly to electronic com- 
ponents the design lacks a conception 
of human values and operational 
details. The computer room in Britain 
is inhuman and the appearance of the 
supplementary equipment is so easily 
overshadowed by foreign competitors. 

There is a wonderful opportunity 
for our electronic equipment to be 
brilliant if a modern design premise 
is called for, concerning itself with a 
co-ordination of specialists in a syste- 
matic design policy that is consistent 
with the logic of the computer and the 
best architectural and engineering 
elements. I feel that Control is now 
in a position to stimulate this design 
consciousness and a concern for the 
visual aspects which after all produce 
an initial impact reflecting the thought 
process behind the design. With the 
continued enlightenment of our com- 
petitors and business personnel on the 
Continent, there will soon be no room 
for untidy thoughts and we will be 
out of business. 


Horsham, Sussex K. G. SADLER 


Not just another operator 


SIR: It is surprising how frequently 
correspondence started as a result of 
some article in a journal strays away 
from the main point of the article in 
question and swiftly takes the form 
of an academic exchange about in- 
essentials. I believe that this has 
happened in the case of the corres- 
pondence arising out of “Laplace with 
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an s”,* and I trust that I may be 


allowed the privilege of your columns 
in order to return to the main point 
of that article which so far no writer 
has come forward to .refute, namely 
the desirability of adopting what is 
commonly called the ‘s-multiplied ° 
form of the transformation. 

It has been suggested to me on a 
number of occasions that although the 
dimensional arguments are quite con- 
clusive, they represent an academic 
rather than a practical point of view, 
and that something more concrete 
will need to be produced to convince 
the bulk of control engineers that 
they should change their Laplace 
definition to something which, how- 
ever theoretically more desirable, 
only produces the same results. Al- 
though I consider this type of reason- 
ing on the part of any 20th century 
engineer to be quite indefensible, 
there is nevertheless a very practical 
argument on purely ‘transfer-func- 
tion’ grounds in support of the s- 
multiplied transform. 

With what is still unfortunately 
amongst the undiscerning the more 
popular form of the Laplace integral, 
the function in the time domain which 
is the inverse of the transfer function 
&(s) represents the ‘ impulse response’ 
of the system, i.e. the output of the 
system if the input has infinite mag- 
nitude for zero time at ¢ = 0+. In 
order to determine the output for any 
other given input, one then can per- 
form the operation of convolution 
with this highly academic and 
physically unrealisable' impulse re- 
sponse. With the s-multiplied trans- 
form the inverse of the transfer 
function is the ‘step response’ of the 
system, i.e. the output of the system 
if an input of unity is suddenly 
applied at ¢ = 0. The step response 
is neither academic nor physically 
unrealisable but is, of course, the 
response to suddenly applied D.C., 
a concept which is not only both 
simple and practical but which is a 
measurable entity which can easily be 
displayed visually in the laboratory. 
If control engineers wish to consider 






that dimensions are of little impor- 
tance, here at any rate is a practical 
physical argument for universal adop- 
tion of s-multiplied transforms. 

Finally, | would like to make brief 
comments upon what Messrs. Head 
and Mayof seem to imagine are two 
other entirely academic and therefore 
unimportant matters. In support of 
the use of 0+ as the lower limit of 
integration in the one-sided trans- 
form, let us consider a simple unit 
step input applied at ¢ = 0. The 
value of this function at 0 may be 
considered from three points of view: 
it is zero at O—, unity at 0+, and 
may be taken as } at 0. It certainly 
does not seem to me to be either 
academic or unpractical to define in 
a given situation exactly which of the 
values at ¢ = O we are considering. 
Again, the sort of approach which 
lumps ‘s’ together with ‘D’ as just 
another operator, is one which is not 
only theoretically incorrect but one 
which can lead to very serious prac- 
tical errors of calculation. Hence, I 
consider it essential to stress that with 
Laplace we are considering ‘trans- 
form calculus’, a calculus in which 
we transform the real axis of ¢ into 
the complex s-plane and functions of 
t into functions of the complex 
variable s = o + jw. 

I find it extremely disconcerting to 
have to believe that in this present 
day and age, when advanced mathe- 
matical techniques are becoming more 
and more familiar to graduate engi- 
neers, matters such as those discussed 
in the article, ‘Laplace with an s’, 
and in the subsequent correspon- 
dence can be shrugged off as purely 
academic. H. GRAHAM FLEGG 
R.A.F. Technical College, Henlow 


* This article appeared in Control for July 1960, 
p. 105 — eprror 


t ‘Letters’, Control, Jan. 1961, p. 75 — EDrToR 


Cybernetic usage 


SIR: If cybernetics is the science of 
control, then all control systems are 
cybernetic. Thus to speak of a cyber- 
netic control system is, pedantically 
speaking, redundant. So far Mr. 
Rudkin* and I agree. But cyberneti- 
cians want more use from the adjec- 
tive than can be got by dropping it as 
redundant. So they often use it to 
refer to those important control prin- 
ciples that have been recognized, 
made explicit and formalized by the 
science of cybernetics. I hope your 
readers who have noted Mr. Rudkin’s 
intensive (and indeed extensive) attack 
on this shorthand find the usage as 
natural as we do. 

United Steel Co’s Ltd STAFFORD BEER 
* * Letters *, December 1960.—eprror 





How do you overcome the suspicion, fear, 

and disbelief of workpeople when 

new automatic controls are introduced? 

How do you recognize the different kinds of 
opposition that this kind of modernization evokes? 
How do you turn potential foes into allies? 

When the manager is convinced .. . 


you still have to 


by GORDON A. JONES, Honeywell Controls Ltd 


FEAR OF LOSING HIS JOB AND HIS IMPORTANCE IN A 
company is one of the most powerful emotions that can 
grip any man. It should be respected. This emotion is 
the first to develop in an operator when a management 
decides to put in new plant or control equipment. 

Managers know that the new equipment will make a 
better product at less cost and effort. They are merely 
trying to install the best means of production. Yet the 
cost-reducing idea is the very one that frightens the 
operator, who foresees the same work being done in half 
the time with half the men. On the face of it, why 
should he be pleased that automatic control can often 
perform actions that human beings cannot? 

This feeling may to some extent be allayed if 
managers can explain that the new equipment should 
enable their firm to outpace competitors at home and 
abroad by turning out new and better products more 
economically and accurately, hence encouraging more 
orders. Few managements can rely solely on this type 
of argument, however, and it may well become intermin- 
able. 

I feel that gradually ‘ selling ’ automation to operators 
should be done by the managers and not by outsiders, 
because men know their own bosses better. They may 
not share opinions with them, but a reassuring talk from 
the plant manager can do a great deal towards easing 
the situation during the initial stages of starting-up, and 
can provide engineers with the additional co-operation 
they require when making certain tests. These tests 
might strain the patience of any operator when produc- 
tion is in full swing. It is essential to keep him informed 
of any tests you are going to make while the plant is 
working, and to get his approval before proceeding. 
Otherwise he may have heart failure if he sees the roof 
temperature (for example) climb above the melting 
point of the brickwork, and his subsequent action may 
give you heart failure! 

In the initial stages of starting-up, when the system 


is under manual control from the instrument, it is often 
of great assistance to the operator to have the gauge on 
the panel, which indicates the pressure being applied to 
the control valve, clearly marked with directional 
arrows, to show him which way he must turn the regu- 
lator to increase or decrease the fuel supply and so 
vary his furnace temperature. In fact, the more simple 


- the controls, the more the operator appreciates it; after 


all, he has enough worries on his mind in keeping the 
furnace efficient, to maintain production at the rate 
expected in these days of fierce competition. 


Old-timers 

The experienced operators are certainly not to be 
underestimated. They have acquired intimate know- 
ledge of handling furnaces for many years without any 
automatic control whatsoever, and probably use the 
temperature recorders only as a check on their estimate 
of the temperature. The instrument-commissioning 
engineer must waste no time in getting to know them, 
or talking about their previous experience and ways of 
handling the plant. He should find out their feelings . 
about the colourful new control panel and its compli- 
cated array of controllers and recorders, and to arouse 
their interest he should show them the insides of the 
instruments, making explanations as simple as possible. 
For the umpteenth time he should laugh at the joke 
about getting Radio Luxembourg, but if he’s wise he’ll 
use the atmosphere of bonhomie to explain the simpli- 
city of the instruments, the ease of replacement, the 
nearness of the service engineer or works instrument 
mechanic, how easy it is to by-pass the instrument to get 
manual control, and what to do should the instruments 
give up altogether as a result of power failure. 

This feeling that help is not far away is reassuring to 
the operator, particularly on lonely night-shifts in the 
early stages after starting-up, when the experts who have 
been making intelligent observations all day have gone 
home. He is all alone with this array of silent con- 
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trollers staring back at him occasionally waving their 
pointers to make his heart flutter in momentary panic. 

Even though we feel that we are getting on well with 
him, his confidence will develop only if we prove to 
him that all the ‘ sales talk’ he has been given is indeed 
true’ The difficult part, and the most effective in gain- 
ing his confidence and support, is in making the con- 
trollers do exactly what you have told him they will do, 
so that he can rely on them implicitly. He is a practical 
man, and generally believes only what he sees; if he 
thinks things are ‘ about right’, if for example the oil- 
or gas-consumption is at the level which he knows by 
experience to be right for his particular furnace, then 
he is happy. 

It is vital in these early stages of testing that the 
instrument engineer check completely throughout the 
system, because if a query develops-at a later stage, and 
we find that the orifice plate has been miscalculated, or 
the instrument calibration is incorrect, or transmission 
is faulty, the operator’s doubts and confidence will 
immediately be affected. He has got used to the furnace, 
and, through his acceptance of the instruments, knows 
that a certain oil- or gas-flow shown on the instrument 
gives him the conditions and heat he requires to work 
the furnace efficiently and safely. When he is told a 
correction has been made, and he must now work the 
furnace at a different reading to get the same results, 
he does not find this easy to understand. 

With automatic control, it.is expected by the people 
who purchased the equipment that any deviation from 
the operating temperature should be corrected as quickly 
as possible. To achieve this, the control operation 
dictated by the response of the controller, which may be 
a two- or three-term instrument, is much different from 
the periodic manual adjustments of old. However, no 
amount of explanation will convince him of the magic 
properties of automatic control if the suddenness of 
derivative action, for instance (if incorrectly adjusted), 
should pulse his burners from maximum to minimum 
fire in a matter of seconds. When this sort of situation 
develops, an instrument engineer who has a working 
knowledge of the furnace itself will realize that a com- 
promise must be reached between the gradual changes 
of manual operation and the excessive response of the 
controller. The correction will be based upon whether 
this fierce operation will be harmful to the furnace, or 
will result in loss of production time. 


The young ‘uns 


Younger operators on new plants rely on instruments 
much more to make up for their lack of experience in 
furnace operation. They can more easily be persuaded 
to accept automatic control and are more adaptable to 
training, during which, at the discretion of the instru- 
ment engineer, they can be taught at least the funda- 
mentals of the method of controlling their furnace. It 
is a well-known fact in this business that a little learning 
can be dangerous! Therefore I feel that their specific 
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duties should be restricted within safe limits, e.g. the 
adjustment of the set point to suit the operation of the 
furnace (the knob can be outside the instrument), and 
the method of changing over from automatic to manual 
control and back again. 

Once the furnace operator has become familiar with 
the controls under the gentle guidance of the commis- 
sioning engineer, and begins to feel the confidence that 
goes with operating a large control panel, he usually 
begins to bloom with pride, much as the owner of a 
new car might, especially as he is able to demonstrate 
to his colleagues how easy it is for the furnace to be 
kept under control. 

Just such a case occurred in South Wales on an 
open-hearth furnace control scheme, equipped with a 
completely automatic sequence-reversal system. In the 
early stages of testing, the furnace-men watched with 
apprehension, curiosity and a certain amount of awe, 
not really believing that so many intelligent-looking 
engineers could expect them to use this amount of equip- 
ment on a furnace which they could handle so easily 
without: but, after the early teething troubles had been 
ironed out, and improvements had resulted in smooth 
operation of the reversal system, the scheme was 
eventually nick-named ‘Archie’. The ‘ first hand ’ (i.e. 
the furnace operator) would demonstrate his confidence 
by proclaiming loudly that they could take a rest for a 
while, and with a flick of the wrist he would put the 
reversal system into ‘auto’, saying ‘let Archie do the 
work’. In this particular case the operators became so 
completely sold on the automatic system, which could 
take charge of their furnace with a mere flick of a 
switch, that they started doing a selling job in reverse, 
agitating-for the same controls on remaining furnaces. 


Golden rules 


To end, here are some of the golden rules I have found 
useful when introducing operators to automatic control: 


Think before you speak, and don’t be carried away by 
your own vivid descriptions. Your listener is likely to 
lose contact with you in the early stages. Think of 
what he already knows—and doesn’t know—and try not 
to talk over his head. Don’t talk down to him, and do try 
to understand his feelings and his logical way of treat- 
ing this new method of working. There is little need to 
acquaint him with our extensive vocabulary ; he appre- 
ciates it much more if simple terms are used. Rely on 
him for information, for in showing interest in his side 
of the business it is surprising how much you learn, not 
only for your own education, but for his. His answers 
will enable you to analyse his thinking and ways of run- 
ning the plant. This will assist you in correcting those 
ideas, if necessary, by further explanation, before he 
gets into bad habits. Above all, be yourself, for sincerity 
has a profound effect on him, and on his faith in you. 


I believe that selling the idea of automatic controls to 
operators means proving to them that the controls per- 
form exactly as you have forecast. Increased produc- 
tion should result in additional bonus for them, which 
is sufficient proof for any man. 
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Given a satisfactory criterion of performance, self- 


optimization may be desirable when the possible 
changes in conditions are not known in advance. 
This article introduces a selection of the different 
methods that have been proposed 


Self-optimizing control systems 


by A. P. ROBERTS 
Imperial College of Science and Technology 


CONTROL SYSTEMS ARE SELF-OPTIMIZING WHEN THEY 
automatically adjust themselves to have a performance 
which is optimum according to some pre-assigned 
criterion. There is a need for self-optimization whenever 
the environmental conditions to which the control system 
must be matched are not known in advance. To this 
must be added the condition that self-optimization would 
bring about a worth-while improvement in performance. 

The whole subject is still very much in its infancy and 
the number of practical applications is relatively small. 
However, research is increasing rapidly, as is evidenced 
by the number of recent publications on the subject. 
No fewer than thirty papers were written on it for the 
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Control setting 
Ifac Congress in Moscow. Two comprehensive lists of 
previous publications are given in the I.R.E. Trans- 
actions on automatic control (/, 2). 

It should be noted that alternative terms used instead 
of self-optimizing are self-optimalizing and self-adaptive, 
and sometimes the word * self’ is omitted. Occasionally 
discussion rages about these words; in fact a whole 


paper (3) has been written about the word * adaptive ° 
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INVARIANT-RESPONSE CONTROL Often it is required that a 
servo-mechanism have predetermined static and dynamic 
response characteristics which do not change with en- 
vironmental conditions. Here we are concerned with 
control systems which maintain nearly invariant overall 
response when there are changes in the characteristics of 
the uncontrolled mechanisms. To keep this within the 
context of self-optimizing control systems, the invariant 
overall response must be the optimum response. 


INPUT ADAPTATION The optimum response of a control 
system is determined by the criterion of optimization, 
the physical components which are available, and the 
nature of the input signals and/or noise. Here we deal 
with control systems which adjust themselves to have 
optimum response according to the nature of the input 
signals and/or noise. 


EXTREMUM REGULATION 

A process to which extremum regulation could be 
applied may have static characteristics as shown in Fig. 1. 
The characteristics relate the output quantity which it is 
desired to maximize to the control setting for different 
environmental conditions. They are called ‘static 
characteristics’ because they relate the steady-state 
output to constant control settings for constant environ- 
mental conditions. It is interesting to note a few examples 
of controlled objects with extremum characteristics. 


CONTROLLED OUTPUT CONTROL ENVIRONMENTAL 
OBJECT QUANTITY SETTING CONDITIONS 
Internal Fue! economy Fuel air Air temperature 
combustion engine muiature and humidity 
Output load and 
speed 
Aircraft Fuel economy t ngine Altitude and speed 
throttle and 
attitude trim 
Ou. well aru Drifting rate Axial force on Bit wear and geo 
drill bur logecal conditions 
Vesting furmace Termper ature Puet a Au temperature 
~ given rate of emiature ated Nornedity 
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Sometimes the output quantity cannot be measured 
directly but must be deduced from other measurements 
Two review articles on ecatremum regulation appeared 
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in the Russian scientific journal Avtomatika i Tele- 
mekhanika in 1957, and these cari now be read in English 
translation in Automation and Remote Control (4, 5). 
The first classic paper on the subject was written by 
Draper and Li (6) and published in 1951. In it are given 
four methods of extremum control which form the basis 
of practically all subsequent work in this field. The rest of 
this section will be devoted to these four methods. _ 


Output rate control 

The control setting is changed at a constant rate in the 

direction which results in a positive rate of change of 

the output quantity. The output rate is’ measured, 


Output quantity 


Time 
Fig. 2 Hunting about extremum 
and the direction of control-setting drive is changed 
whenever the output rate becomes negative and greater 
than some threshold value. 

For a given static characteristic, the output settles to a 
hunting oscillation about the extremum (see Fig. 2). 
The average value of the output is a little below the peak 
value and the difference is known as the hunting or search 
loss. The control-setting drive speed determines the 
hunting frequency, and this should be high compared 
with frequencies of variation in environmental condition, 
i.e. from one-static characteristic to another. On the 
other hand, if noise in the measurement of output rate 
is to be filtered out, the hunting frequency must be kept 
as far as possible below the noise frequencies. 

A variation on the above method of control is to make 
the control-setting drive rate proportional to the output 
rate divided by the drive rate. This corresponds to making 
the drive rate proportional to the slope of the character- 
istic curve. At first sight this should eliminate hunting, 
but difficulties arise from the ambiguous control signals 
which occur when the drive rate is zero. 


Sinusoidal control 

A sinusoidal variation is superimposed on the general 
positioning of the control setting. The output response to 
the sinusoidal input is separated out by a band-pass 
filter and compared with the input sine-wave. If phase 
changes caused by the dynamics of the process are 
allowed for, input and output will be in phase if the 
control setting is lower than optimum (see Fig. 1) and 
they will be out of phase if the control setting is higher 
than optimum. Hence the average input drive rate should 
be positive in the former case and negative in the latter. 
The average drive rate can be made constant or propor- 
tional to the slope of the characteristics, the latter by 
making the drive rate proportional to the amplitude of 
that output variation which has the same frequency as 
the constant-amplitude inpul sine-wave 
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This method of control has two distinct advantages. 


a Noise effects will be largely eliminated by the band-pass 
filtering of the output signal. 


b More than one control setting can be adjusted by using 
different test frequencies. 
Stepped control 
This is the discrete version of output rate control. The 
method is simple, and consequently often used (7, 8). 

The control setting is changed by a small amount. 
After a settling time has been allowed, the output is com- 
pared with what it was before the input step was inserted. 
If the output has increased the next step is taken in the 
same direction, but if the output has decreased the next 
step is taken in the opposite direction. If each input step 
is of the same magnitude, the method corresponds to the 
constant drive-rate system of output rate control. The 
equivalent of proportional drive-rate can be obtained by 
making the size of the succeeding input step proportional 
to the last output change divided by the last input change. 

If necessary, the hunting zone can be displaced to one 
side of the extremum by introducing a bias into the con- 
trol loop. In the case of the turbine-driven oil-well drill 
(7), the axial load is adjusted to a value lower than opti- 
mum because a relatively small increase in axial load 
above the optimum stops the turbine altogether. 


Peak-hold control 

The correction signal is directly proportional to, or propor- 
tional to the integral of the difference between, the actual 
and the indicated optimum output. The latter is the same 
as the actual output when the output is increasing, but it 
remains at the highest level when the output starts to 
decrease. The control setting is driven at a constant rate, 
and the direction of drive is reversed when the correction 
signal exceeds a given threshold value. As with the 
constant-drive-rate system of output rate control, for a 
given static characteristic, the output settles into a hunt- 
ing oscillation about the extremum. 


INVARIANT-RESPONSE CONTROL 

The problem is to design a control system to have a given 
transfer function which will be invariant for changes in 
the dynamic characteristics of the controlled object. 
Although this is a general problem, its solution is being 
hastened by the desire to control high-speed high-altitude 
aircraft throughout their flight regime. In all conditions 
of flight the aircraft should have a response to control 
commands which in the pilot’s view is optimum. Since 
the pilot himself is adaptive, the response need not be 
absolutely invariant, but within reasonable bounds. 

All the control systems discussed in this section are 
described in reference 9. 

An already familiar technique for obtaining nearly 
invariant response is to employ negative feedback in 
association Wita a iugh loop-gain. An obvious example ts 
the use of negative feedback with high-gain d.c. amph- 
fiers in analogue computers. This technique appears in 
various forms in proposals for aircraft control systems 

Another technique, which is common to a few of the 
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FEAR OF LOSING HIS JOB AND HIS IMPORTANCE IN A 
company is one of the most powerful emotions that can 
grip any man. It should be respected. This emotion is 
the first to develop in an operator when a management 
decides to put in new plant or control equipment. 

Managers know that the new equipment will make a 
better product at less cost and effort. They are merely 
trying to install the best means of production. Yet the 
cost-reducing idea is the very one that frightens the 
operator, who foresees the same work being done in half 
the time with Aalf the men. On the face of it, why 
should he be pleased that automatic control can often 
perform actions that human beings cannot? 

This feeling may to some extent be allayed if 
managers can explain that the new equipment should 
enable their firm to outpace competitors at home and 
abroad by turning out new and better products more 
economically and accurately, hence encouraging more 
orders. Few managements can rely solely on this type 
of argument, however, and it may well become intermin- 
able. 

I feel that gradually ‘ selling ’ automation to operators 
should be done by the managers and not by outsiders, 
because men know their own bosses better. They may 
not share opinions with them, but a reassuring talk from 
the plant manager can do a great deal towards easing 
the situation during the initial stages of starting-up, and 
can provide engineers with the additional co-operation 
they require when making certain tests. These tests 
might strain the patience of any operator when produc- 
tion is in full swing. It is essential to keep him informed 
of any tests you are going to make while the plant is 
working, and to get his approval before proceeding. 
Otherwise he may have heart failure if he sees the roof 
temperature (for example) climb above the melting 
point of the brickwork, and his subsequent action may 
give you heart failure! 

In the initial stages of starting-up, when the system 








you still have to convince the operator 


is under manual control from the instrument, it is often 
of great assistance to the operator to have the gauge on 
the panel, which indicates the pressure being applied to 
the control valve, clearly marked with directional 
arrows, to show him which way he must turn the regu- 
lator to increase or decrease the fuel supply and so 
vary his furnace temperature. In fact, the more simple 
the controls, the more the operator appreciates it; after 
all, he has enough worries on his mind in keeping the 
furnace efficient, to maintain production at the rate 
expected in these days of fierce competition. 


Old-timers 
The experienced operators are certainly not to be 
underestimated. They have acquired intimate know- 
ledge of handling furnaces for many years without any 
automatic control whatsoever, and probably use the 
temperature recorders only as a check on their estimate 
of the temperature. The instrument-commissioning 
engineer must waste no time in getting to know them, 
or talking about their previous experience and ways of 
handling the plant. He should find out their feelings 
about the colourful new control panel and its compli- 
cated array of controllers and recorders, and to arouse 
their interest he should show them the insides of the 
instruments, making explanations as simple as possible. 
For the umpteenth time he should laugh at the joke 
about getting Radio Luxembourg, but if he’s wise he'll 
use the atmosphere of bonhomie to explain the simpli- 
city of the instruments, the ease of replacement, the 
nearness of the service engineer or works instrument 
mechanic, how easy it is to by-pass the instrument to get 
manual control, and what to do should the instruments 
give up altogether as a result of power failure. 

This feeling that help is not far away is reassuring to 
the operator, particularly on lonely night-shifts in the 
early stages after starting-up, when the experts who have 
been making intelligent observations all day have gone 
home. He is all alone with this array of silent con- 


1961 





CONTROL April 












rollers staring back at him occasionally waving their 
pointers to make his heart flutter in momentary panic 

Even though we feel that we are getting on well with 
hum, his confidence will develop only if we prove to 
himn that all the * sales talk © he has been given is indeed 
true. The difficult part, and the most effective in gain- 
ing his confidence and support, is in making the con- 
trollers do exactly what you have told him they will do. 
so that he can rely on them implicitly. He is a practical 
man, and generally believes only what he sees; if he 
thinks things are * about right’, if for example the oil- 
or gas-consumption is at the level which he knows by 
experience to be right for his particular furnace, then 
he is happy. 

It is vital in these early stages of testing that the 
instrument engineer check completely throughout the 
system, because if a query develops at a later stage, and 
we find that the orifice plate has been miscalculated, or 
the instrument calibration is incorrect, or transmission 
is faulty, the operator’s doubts and confidence will 
immediately be affected. He has got used to the furnace, 
and, through his acceptance of the instruments, knows 
that a certain oil- or gas-flow shown on the instrument 
gives him the conditions and heat he requires to work 
the furnace efficiently and safely. When he is told a 
correction has been made, and he must now work the 
furnace at a different reading to get the same results, 
he does not find this easy to understand. 

With automatic control, it is expected by the people 
who purchased the equipment that any deviation from 
the operating temperature should be corrected as quickly 
as possible. To achieve this, the control operation 
dictated by the response of the controller, which may be 
a two- or three-term instrument, is much different from 
the periodic manual adjustments of old. However, no 
amount of explanation will convince him of the magic 
properties of automatic control if the suddenness of 
derivative action, for instance (if incorrectly adjusted), 
should pulse his burners from maximum to minimum 
fire in a matter of seconds. When this sort of situation 
develops, an instrument engineer who has a working 
knowledge of the furnace itself will realize that a com- 
promise must be reached between the gradual changes 
of manual operation and the excessive response of the 
controller. The correction will be based upon whether 
this fierce operation will be harmful to the furnace, or 
will result in loss of production time. 


The young ‘uns 
Younger operators on new plants rely on instruments 
much more to make up for their lack of experience in 
furnace operation. They can more easily be persuaded 
to accept automatic control and are more adaptable to 
training, during which, at the discretion of the instru- 
ment engineer, they can be taught at least the funda- 
mentals of the method of controlling their furnace. It 
isa well-known fact in this business that a little learning 
tan be dangerous! Therefore I feel that their specific 
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duties should be restricted within safe limits, eg. the 
adjustment of the set poimt to suit the operation of the 
furnace (the knob can be outside the instrument), and 
the method of changing over from automatic to manual 
control and back again. 

Once the furnace operator has become familiar with 
the controls under the gentle guidance of the commis 
sioning engineer, and begins to feel the confidence that 
goes with operating a large control panel, he usually 
begins to bloom with pride, much as the owner of a 
new car might, especially as he is able to demonstrate 
to his colleagues how easy it is for the furnace to be 
kept under control. 

Just such a case occurred in South Wales on an 
open-hearth furnace control scheme, equipped with a 
completely automatic sequence-reversal system. In the 
early stages of testing, the furnace-men watched with 
apprehension, curiosity and a certain amount of awe, 
not really believing that so many intelligent-looking 
engineers could expect them to use this amount of equip- 
ment on a furnace which they could handle so easily 
without: but, after the early teething troubles had been 
ironed out, and improvements had resulted in smooth 
operation of the reversal system, the scheme was 
eventually nick-named ‘Archie’. The ‘ first hand ’ (i.e. 
the furnace operator) would demonstrate his confidence 
by proclaiming loudly that they could take a rest for a 
while, and with a flick of the wrist he would put the 
reversal system into ‘auto’, saying ‘let Archie do the 
work ’. In this particular case the operators became so 
completely sold on the automatic system, which could 
take charge of their furnace with a mere flick of a 
switch, that they started doing a selling job in reverse, 
agitating for the same controls on remaining furnaces. 


Golden rules 


To end, here are some of the golden rules I have found 
useful when introducing operators to automatic control: 


Think before you speak, and don’t be carried away by 
your own vivid descriptions. Your listener is likely to 
lose contact with you in the early stages. Think of 
what he already knows—and doesn’t know—and try not 
to talk over his head. Don’t talk down to him, and do try 
to understand his feelings and his logical way of treat- 
ing this new method of working. There is little need to 
acquaint him with our extensive vocabulary ; he appre- 
ciates it much more if simple terms are used. Rely on 
him for information, for in showing interest in his side 
of the business it is surprising how much you learn, not 
only for your own education, but for his. His answers 
will enable you to analyse his thinking and ways of run- 
ning the plant. This will assist you in correcting those 
ideas, if necessary, by further explanation, before he 
gets into bad habits. Above all, be yourself, for sincerity 
has a profound effect on him, and on his faith in you. 


I believe that selling the idea of automatic controls to 
operators means proving to them that the controls per- 
form exactly as you have forecast. Increased produc- 
tion should result in additional bonus for them, which 
is sufficient proof for any man. 
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Given a satisfactory criterion of performance, self- 


optimization may be desirable when the possible 
changes in conditions are not known in advance. 
This article introduces a selection of the different 
methods that have been proposed 


Self-optimizing control systems 


by A. P. ROBERTS 
Imperial College of Science and Technology 


CONTROL SYSTEMS ARE SELF-OPTIMIZING WHEN THEY 
automatically adjust themselves to have a performance 
which is optimum according to some pre-assigned 
criterion. There is a need for self-optimization whenever 
the environmental conditions to which the control system 
must be matched are not known in advance. To this 
must be added the condition that self-optimization would 
bring about a worth-while improvement in performance. 

The whole subject is still very much in its infancy and 
the number of practical applications is relatively small. 
However, research is increasing rapidly, as is evidenced 
by the number of recent publications on the subject. 
No fewer than thirty papers were written on it for the 


Fig. | Extremum 
static characteristics 


Output quantity 


FE 


Control setting 


Ifac Congress in Moscow. Two comprehensive lists of 
previous publications are given in the I.R.E. Trans- 
actions on automatic control (/, 2). 

It should be noted that alternative terms used instead 
of self-optimizing are self-optimalizing and self-adaptive, 
and sometimes the word ‘ self” is omitted. Occasionally 
discussion rages about these words; in fact a whole 
paper (3) has been written about the word ‘ adaptive ’. 


EXTREMUM REGULATION In some processes it is desirable 
to maximize (or minimize) an output quantity by the 
adjustment of a control setting. For any particular en- 
vironmental condition the output is related to the con- 
trol setting by a characteristic curve (graph of output 
against control setting) which possesses a maximum or 
minimum, or extremum. When the environmental 
condition changes, so does the characteristic curve. An 
extremum regulator will automatically adjust the control 
setting to maximize the output quantity. 


INVARIANT-RESPONSE CONTROL Often it is required that a 
servo-mechanism have predetermined static and dynamic 
response characteristics which do not change with en- 
vironmental conditions. Here we are concerned with 
control systems which maintain nearly invariant overall 
response when there are changes in the characteristics of 
the uncontrolled mechanisms. To keep this within the 
context of self-optimizing control systems, the invariant 
overall response must be the optimum response. 


INPUT ADAPTATION The optimum response of a control 
system is determined by the criterion of optimization, 
the physical components which are available, and the 
nature of the input signals and/or noise. Here we deal 
with control systems which adjust themselves to have 
optimum response according to the nature of the input 
signals and/or noise. 


EXTREMUM REGULATION 

A process to which extremum regulation could be 
applied may have static characteristics as shown in Fig. 1. 
The characteristics relate the output quantity which it is 
desired to maximize to the control setting for different 
environmental conditions. They are called ‘static 
characteristics’ because they relate the steady-state 
output to constant control settings for constant environ- 
mental conditions. It is interesting to note a few examples 
of controlled objects with extremum characteristics. 


CONTROLLED OUTPUT CONTROL ENVIRONMENTAL 
OBJECT QUANTITY SETTING CONDITIONS 
Internal Fuel economy Fuel-air Air temperature 
combustion engine mixture and humidity. 
Output load and 
s 
Aircraft Fuel economy Engine Altitude and speed 
throttle and 
attitude trim 
Oil-well drill Drilling rate Axial force on ~ Bit wear and geo- 
drill bit logical conditions 
Heating furnace Temperature Fuel—air Air temperature 
for given rate of mixture and humidity 


fuel consumption 


Sometimes the output quantity cannot be measured 
directly but must be deduced from other measurements. 
Two review articles on extremum regulation appeared 
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in the Russian‘ scientific journal Avtomatika i Tele- 
mekhanika in 1957, and these can now be read in English 
translation in Automation and Remote Control (4, 5). 
The first classic paper on the subject was written by 
Draper and Li (6) and published in 1951. In it are given 
four methods of extremum control which form the basis 
of practically all subsequent work in this field. The rest of 
this section will be devoted to these four methods. 


Output rate control 

The control setting is changed at a constant rate in the 
direction which results in a positive rate of change of 
the output quantity. The output rate is measured, 


Output quantity 


Time 
Fig.2 Hunting about extremum 
and the direction of control-setting drive is changed 
whenever the output rate becomes negative and greater 
than some threshold value. 

For a given static characteristic, the output settles to a 
hunting oscillation about the extremum (see Fig. 2). 
The average value of the output is a little below the peak 
value and the difference is known as the hunting or search 
loss. The control-setting drive speed determines the 
hunting frequency, and this should be high compared 
with frequencies of variation in environmental condition, 
ie. from one static characteristic to another. On the 
other hand, if noise in the measurement of output rate 
is to be filtered out, the hunting frequency must be kept 
as far as possible below the noise frequencies. . 

A variation on the above method of control is to make 
the control-setting drive rate proportional to the output 
rate divided by the drive rate. This corresponds to making 
the drive rate proportional to the slope of the character- 
istic curve. At first sight this should eliminate hunting, 
but difficulties arise from the ambiguous control signals 
which occur when the drive rate is zero. 


Sinusoidal control 

A sinusoidal variation is superimposed on the general 
positioning of the control setting. The output response to 
the sinusoidal input is separated out by a band-pass 
filter and compared with the input sine-wave. If phase 
changes caused by the dynamics of the process are 
allowed for, input and output will be in phase if the 
control setting is lower than optimum (see Fig. 1) and 
they will be out of phase if the control setting is higher 
than optimum. Hence the average input drive rate should 
be positive in the former case and negative in the latter. 
The average drive rate can be made constant or propor- 
tional to the slope of the characteristics, the latter by 
making the drive rate proportional to the amplitude of 
that output variation which has the same frequency as 
the constant-amplitude input sine-wave. 
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This method of control has two distinct advantages. 


a Noise effects will be largely eliminated by the band-pass 
filtering of the output signal. 


b More than one control setting can be adjusted by using 
different test frequencies. 


Stepped control 
This is the discrete version of output rate control. The 
method is simple, and consequently often used (7, 8). 

The control setting is changed by a small amount. 
After.a settling time has been allowed, the output is com- 
pared with what it was before the input step was inserted. 
If the output has increased the next step is taken in the 
same direction, but if the output has decreased the next 
step is taken in the opposite direction. If each input step 
is of the same magnitude, the method corresponds to the 
constant drive-rate system of output rate control. The 
equivalent of proportional drive-rate can be obtained by 
making the size of the succeeding input step proportional 
to the last output change divided by the last input change. 

If necessary, the hunting zone can be displaced to one 
side of the extremum by introducing a bias into the con- 
trol loop. In the case of the turbine-driven oil-well drill 
(7), the axial load is adjusted to a value lower than opti- 
mum because a relatively small increase in axial load 
above the optimum stops the turbine altogether. 


Peak-hold control 

The correction signal is directly proportional to, or propor- 
tional to the integral of the difference between, the actual 
and the indicated optimum output. The latter is the same 
as the actual output when the output is increasing, but it 
remains at the highest level when the output starts to 
decrease. The control setting is driven at a constant rate, 
and the direction of drive is reversed when the correction 
signal exceeds a given threshold value. As with the 
constant-drive-rate system of output rate control, for a 
given static characteristic, the output settles into a hunt- 
ing oscillation about the extremum. 


INVARIANT-RESPONSE CONTROL 

The problem is to design a control system to have a given 
transfer function which will be invariant for changes in 
the dynamic characteristics of the controlled object. 
Although this is a general problem, its solution is being 
hastened by the desire to control high-speed high-altitude 
aircraft throughout their flight regime. In all conditions 
of flight the aircraft should have a response to control 
commands which in the pilot’s view is optimum. Since 
the pilot himself is adaptive, the response need not be 
absolutely invariant, but within reasonable bounds. 

All the control systems discussed in this section are 
described in reference 9. 

An already familiar technique for obtaining nearly 
invariant response is to employ negative feedback in 
association with a high loop-gain. An obvious example is 
the use of negative feedback with high-gain d.c. ampli- 
fiers in analogue computers. This technique appears in 
various forms in proposals for aircraft control systems. 

Another technique, which is common to a few of the 
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proposed aircraft control systems, is the use of analogue 
models. Each analogue model is set to have the optimum 
response of its corresponding control loop and is carried 






e, 80 
(e.g. stick + (e.g. pitch rate) 
deflection) 





Fig.5 Series model 


in the aircraft. Control commands are then fed into the 
model in parallel or in series with the aircraft system. 

In the parallel case, the aircraft output (e.g. rate of 
pitch) is measured and compared with the model output. 
The difference is then fed back and subtracted from the 
aircraft’s input signal. Thus, if output is greater than it 
should be, input is reduced by feedback (see Fig. 3). If 
aircraft, feedback and model can be represented by trans- 
fer functions Y,, Y,; and Y,, respectively, the block 
diagram of Fig. 3 can be represented by the equivalent 
diagram of Fig. 4. The overall transfer function of the 
system is (1 + Y;¥»,)Y¥a/(1 + Y;Y¥.), and this tends to 
Y,, when Y, has high gain, or to Y,, + 1/Y, when Y, 
has high gain. Hence the problem reduces to one of 
obtaining a sufficiently high-gain feedback loop. 

Fig. 5 shows how the model may be placed in series 
with the aircraft to obtain the same effect. Direct negative 
feedback is applied around the aircraft so that the overall 
transfer function can be written as Y,,Y,/(1 + Y,). 
Thus, when Y, has high gain the overall transfer function 
tends towards that of the model. Again the problem is 
to keep a sufficiently high loop-gain. 

The uncontrolled pitch response of an aircraft can 
often be represented by a transfer function having two 
real zeros and two sets of conjugate complex poles 
which represent the short-period and phugoid modes of 
transient oscillation. The addition of some derivative 
feedback to the direct feedback around the aircraft gives 
the open-loop transfer function another real zero. The 


Imaginary 
axis 


Fig. 6 Root locus 
diagram 





root locus diagram is sketched roughly in Fig. 6 to 
show how the closed-loop poles move as the loop-gain is 
increased. As the loop-gain is increased the closed-loop 
poles move in towards the real axis, that is the system 
becomes more stable. Unfortunately this is not the com- 
plete story, because the dynamic lags of the instruments 
and elevator actuator have been neglected. In particular, 
the actuator introduces two high-frequency complex 
conjugate poles which move towards the right half plane 
as the loop-gain is increased. A method of keeping 
the loop-gain as high as possible is to insert occasional 
pulses into the actuator and monitor the response of the 
actuator. The damping of the transient response is 
compared with some preset value, and the loop gain is 
increased or decreased depending on whether the damping 
is too high or too low. The preset damping of this high- 
frequency mode can be fairly low because the aircraft 
itself will greatly attenuate high-frequency inputs. Fig. 7 
is a schematic diagram of this method of gain control. 
Fig. 8 shows a non-linear type of aircraft control system 
which has very high"gain when there is any appreciable 


Measure 
damping 





Fig. 7 Pulse method of gain adjustment 


High-frequency 
sinusoidal perturbation 





Fig. 8 Non-linear control system 


Pitch rate Integrator Aircraft Pitch 


rate 


command + 






Angular accelerometer 
+ rate gyro feedback 


Rate gyro feedback 


Fig.9 Inverse of desired transfer function in feedback 


error between the aircraft output and the desired output. 
The system would normally be associated with a series 
model. The control system is basically a relay system. 
The relay or switch circuit has an output of +V de- 
pending on the sign of its input signal. The relay output 
is limited to a level which is increased when the error 
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signal becomes large. Stability is improved when the error 
is small by the addition of a high-frequency perturbing 
signal. The lead network and compensating circuit are 
included to improve the overall stability. 

Another high-gain feedback method of obtaining a 
given overall response is to include the inverse of the 
desired transfer function in the feedback path. Fig. 9 


White noise Cross- 
generator correlator 


System's 
impulse 
response 













Controller 


80 
output 


Fig. 10 Principle of control by cross correlation 


shows the application of this principle to the control of 
aircraft pitch rate. The overall transfer function is 


— C/Tp)Y. 
1 + (1/Tp) Y {(p?/w*) + (2cp/w) + 1) 


and this tends to w?/(p? + 2cwp + w*) when Y,/T has 
high gain. The parameters c and w can be set to desired 
values by adjusting the feedback gains. The problem 
remains of keeping the aircraft loop-gain as high as 
possible. 

High-gain feedback methods have the advantage that 
no exact knowledge of the characteristics of the uncon- 
trolled aircraft is needed at any time. If a low-gain 
system is used the control parameters (gains and time 
constants) must be adjusted to maintain the desired 
overall response when the aircraft characteristics change. 
The difficulty now is continually to monitor response 
characteristics so that appropriate adjustments may be 
made. 

One method of monitoring the response characteristics 
of a system (assuming that the system is linear) is to 
superimpose random noise on the input command signal 
and then cross-correlate the noise with the output of the 
system. If the noise has a flat power spectrum over the 
frequency band-width of the system, the cross-correlation 
will give the impulse response of the system. The latter 
can then be compared with the desired response and 
appropriate adjustments made when an error exists. 
Fig. 10 illustrates this type of response control. The 
method has the merit that control over the response 
characteristic is unaffected by manoeuvre-command 
inputs, since the latter and the noise are uncorrelated. 
The principal objection to the method is that the neces- 
sary instrumentation is complex. 


INPUT ADAPTATION 
Under JInvariant-response control above we were con- 
cerned with making a control system have some desired 
response. The next question is: what is the desired 
response? The optimum response depends upon the 
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inputs to the system and the criterion of optimization. 
When some prior information about the inputs is lacking 
it is required that the system should optimize itself. 
There must be a vast number of possible types of input 
for which self-optimizing systems would be appropriate, 
and an equally large number of methods of realizing the 
same. A few papers have been published which describe 
specific examples and three (/0, 1], 12) are referred to in 
the bibliography. Such examples are very interesting, but 
we shall restrict our discussion to two more general 


approaches: Wiener’s theory (/3) and dynamic program- 
ming (/4). 


Self-optimization as an extension ofWiener’s theory 
When a signal consists of message plus noise, both of 
which vary randomly and are stationary in the statistical 
sense, the transfer function of the optimum linear filter 
(/3) for separating the message out can be derived when 
the spectral densities of the message and the noise are 
known. In this case the optimum criterion is that the mean 
square error between message and filter output be 
minimum. With some extensions (/5) the same theory can 
be applied to the design of a control system for following 
a signal which is contaminated with noise. 

Consider the case of a control system which is actu- 
ated by the error between input and output. Henceforth 


Adjust 
system 






Input = 


message + noise + Apparent 


error 


Fig. 11 Method of self-optimization when noise is white 
this error will be referred to as the ‘ apparent error’ to 
distinguish it from the error between message and output. 
When the noise is white (power spectrum with constant 
amplitude for all relevant frequencies) and the system is 
optimum in the Wiener sense, the apparent error is also 
white (/6, 17). The optimum form of transfer function 
for the system is determined by the form of the spectral 
density of the message, but the values of the optimum 


Band-pass 
filter 
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Band-pass 
filter 
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Fig. 12 Power-spectrum analyser 


gains and time constants of the system depend upon the 
relative mean square levels of message and noise. Thus, 
if the form of the message spectral density is known, the 
system can optimize itself by adjusting its parameters 
until the apparent error is white (see Fig. 11). The 
optimum parameters will be known functions of the 
message-to-noise ratio, so the system parameters can be 
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kept in optimum relation to each other while adjustment is 
being made. For instance in the case given in (/7), a gain 
G and a time constant J must both be adjusted, but only 
T need be adjusted directly if G is kept equal to 2/T*. 

Often the power-spectrum analyser (Fig. 11) can be 
realized simply, as shown in Fig. 12. The apparent error 
signal is passed through two different band-pass filters, 
and the outputs are rectified, differenced and smoothed. 
The band-pass filters are set at such frequencies that any 
deviation of the system from optimum will produce 
from the analyser an output of the appropriate sign to 
adjust the parameters in the correct direction. 

For physical reasons it is usually necessary to keep 
certain control system quantities (voltages, torques, etc.) 
within specified bounds. We assume here that sufficient 
constraint will be applied by limiting one quantity. At 
present the constraint can only be applied theoretically 


Input = 


message +noise Apparent 


error 





x(t) 


Fig. 13 Forward path in two sections 


by imposing a limit on the mean square value. With such 
a constraint, the apparent error is no longer white when 
the noise is white, and the system is optimum. Also, the 
apparent error with the optimum system will not be white, 
even without a constraint, when the noise is not white. 
This difficulty can be overcome by designing the for- 
ward path in two sections in series, as in Fig. 13. The 
sections can be designed so that the system is optimum, 
and when the system is optimum the signal x(t) passing 
between the two sections is white. Provided that the forms 
of the spectral densities of message and noise are known, 
the forms of X and Y (the two sections of the system) will 
be fixed and the parameters can be adjusted to optimum 
values by applying a power-spectrum analyser to x(t) 
instead of to the apparent error as in the former case. 
There is a further difficulty, however, when a constraint 
must be imposed. The constraint makes the optimum 
system parameters into functions of a term dependent on 
the absolute levels of message and noise as well as of the 
message-to-noise ratio, i.e. the optimum parameters are 
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spectrum 
analyser 


Desired 
¥@ 


Input = 
message+noise 


Output 


Fig. 14 Self-optimization with constraint on y*(t) 


now functions of two variables. This means that two 
optimizing loops are required. The ratio term can be 
optimized as before by using the power-spectrum analyser 
on x(t), whilst simultaneously adjusting the absolute- 
level term to the optimum value. The latter operation can 


be performed by continuously measuring the weighted 
mean square value of the quantity to be constrained and 
comparing it with the desired value (see Fig. 14). 


Dynamic programming 
Dynamic programming is the name given by Bellman to 
the mathematical theory of multi-stage decision processes. 
Such a process is one which involves a discrete or con- 
tinuously varying sequence of decisions. An input 
adaptive system is a multi-stage decision process; it is con- 
tinually deciding the best way of operating on its inputs. 

Also directly applicable to the design of self-optimizing 
control systems is Bellman’s principle of optimality: 
‘An optimum policy has the property that whatever the 
initial state and initial decisions are, the remaining de- 
cisions must constitute an optimal policy with regard 
to the state resulting from the first decision’. The 
basis of Bellman’s mathematical technique, which 
can be applied to the design of self-optimizing control 
systems, is given in Chapter IX of his book (/4). The 
method of design will be illustrated by working through 
an example given in a paper by Merriam (/8). It must 
be noted, however, that there are many other workers in 
this field besides Bellman and Merriam. 

Suppose that we have a physical process with input 
6,(t) and output @,(t). Let the cost function be: 


t+T t+T 
[e (0) {@n(0) — 84(2)}? + 6%(2)] do = [B10 ao, 


where @p(t) is the desired output and y is a Lagrange 
multiplier. ¢ represents the present time. Nothing can be 
done about the past, so the cost function only applies to a 
future time 7. y is included in the expression to impose 
a constraint on 6,. This is done in the same way that a 
constraint was applied in the theory behind the systems 
we discussed above under Self-optimization as an 
extension of Wiener’s theory. Suppose further that the 
process consists mathematically of an integration with 
time-variable gain, i.e. it can be represented by the equa- 
tion 6,(t) = b(t) 6,(t) where the prime denotes differentia- 
tion with respect to the argument ¢. The problem now is 
to find a 6,(t) which will minimize the cost function. The 
functions 7(t), b(t) and @p(t) are assumed to be known 
functions of time, and T is a given constant interval of 
time. Write the minimum cost function as 
t+T 


AG o» t) = Ot, t+ 7] | E(a) do 


min. 
where @,[t, ¢ + 7] denotes minimum with respect to 4, 
over the time between ¢ and t + T. 
Now if » is some time such that t <p» < t+ T, 
t+T 


Go, u) = Olu, t+ | E(o) do 


I 


@fu,t + 7) [zt do + | z do| 


ut+S 


min. wt+S 
= 6,1 7) | E(o) do + 0,» + 8) 
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The last expression is correct, since we apply the optimal 
policy throughout, so that the integral from » + S 
must be the minimum cost function starting from » + S. 


Now under the appropriate assumptions of continuity, 
when S approaches zero, we can write 


Ss 
[ite do = S E(u), O(u + S) = O(n) + S— = 


and fun + S)= fn n) + 880 F 4 2 
du 06, Op 


> 


using the first terms of the Taylor expansion in the 
second equation. Substituting back into the original 


equation /(0», u) = Olu, w+ Bes = + 


, | of 7 
+ f(@ a + —— = 

e 0= aa) | EU) + Me Se 5 + ‘. since S — 0. 
du Gy 


The process equation says that a = b(u)0,(n) 
pe 


Thus 0 = 6,(u) 1) {0n(u) — O(u)}? + Xu) 
+ BONO) <5. + 
“0 


when the substitution for E(x) is also madé. Assuming 
that a minimum exists, and is the only point of zero 
slope of the above function, the minimum is determined 
by differentiating with respect to 6,(). 


26(u) + bu) Z =o 
0 


Thus the optimum @,(f) is given by 6,(t)-= — 200 = o 


Substituting back into the differential equation nite 7) 


gives (u){n(u) — Og(u)}? — ~~ fl". F_ 9, 
| 2 20, f Op 


The solution of this equation can be written in the form 


JG, #) = Ko(u) + Ky(u)09 + K,(u) 9%. 


e 
Thus DF — Ku) + 2K(u)% 
085 
o , ’ , 
Z = Kiu) + Ki(u)) + Ki(u)02 


Substituting in the differential equation for f(®>, ) gives 
upi(H) — {b%(u)/4} KX u) + Ko(u)] 
+[-2(u) On(u) — BXu)Ky(u)Ke(u) + Ki(u)) O(n) 

+ [(u) — bu) KX(u) + Ko(u)] 9%(n) = 0 


For this to be true for all @9(u), each expression in square 
brackets must be identically zero, i.e. 


Ko(u) = —vu) 95(u) + {b%(u)/4} KX) 
Ki(u) = 2{) On{(u) + 6%(u)Ki(u)Ke() 
K(x) = —v(u) + bu) KX). 






CONTROL April 1961 





t+T 
O since f{ =0. Also this must be 
t+T 


true for all 6,(¢ + 7). Therefore from the equation for 
JS(8o, »), we have the boundary conditions K,(t + 7) 
= Kt + T) = K,(t + T) = 0. Since the optimum 


Now /(§,,¢ + T) = 


b(t) of _ -2 


6,(t) = — i a K,(t) — b(t)K,(t)6,(¢), 


only K,(t) and K,(t) need be derived in order to realize 
the optimum control law. 

Since the boundary conditions for K, and K, are given 
at time ¢t + 7, the values of K, and K, at time t must be 
found by solving the equations repetitively with a high- 
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Fig. 15 Dynamic programming realization 


speed computer. The general arrangement for the self- 
optimizing system is shown in Fig. 15. 
Notice the following two points regarding this system: 


a The desired output 8p must be known for a future period 
of time T. 


b The controller is optimum for all 9; this implies that it will 
be optimum in the presence of load disturbances. 


The above example is comparatively simple. Other 
cases are generally more difficult, and the solutions have 
yet to be found for the majority of possible applications. 

This last section has been mostly mathematics. I give 
no apology because it is a mathematical subject. Never- 
theless I hope that some readers will try their own hands 
at dynamic programming because it is rapidly becoming 
an important synthesis procedure for self-optimizing 
control systems. 
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As usual in engineering, compromise 
is often necessary in choosing servo- 
motors. Rapid selection is made easier 
by this design approach 


Selecting small servo-motors 
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Last month we discussed the relative merits of a.c. and d.c. 
systems, the question of temperature and rating, the nature 
of the design approach, and load power. 


Load acceleration 

If a motor:gear-box:load system is energized by a 
step voltage the velocity v. time run-up curve will have 
the general form shown in Fig. 4. As speed increases, so 
does the proportion of overall torque needed to overcome 
viscous effects; acceleration therefore decreases if the 
load torque is constant. However, in designing a con- 
tinuous servo-mechanism, of the general type shown in 
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Fig. 5, this curve has little value because the motor con- 
trol voltage is continuously modified by the error signal 
and its derivatives. In considering the acceleration 
requirements of such a system it is therefore convenient 
and sufficient to take the parameter starting acceleration 
as a guide to the first selection of a suitable motor. 









Input signal 
~—— Drive 
(motor, gearing, 
Summing tacho, etc.) 
device 


Output 


signal FP Hae - ~~ = 
feedback loop 


Position feedback 


Fig.5 Schematic form of positional servo-mechanism 


When the load moment of inertia, Jz, is negligible 
compared with that of the motor, starting acceleration 
is expressed simply as 


1 1 Tyas . 
ar(start) = N Ay(start) = N . ie = rad/s 


and in Table II typical values of starting acceleration, 
G@yistall), for a range of small International-Frame-Size 
motors are given. However, when a load of finite moment 
of inertia is to be accelerated the parameter motor starting 
acceleration has little significance in selecting a suitable 
servo-motor to satisfy given load-stalling acceleration 
conditions. 


It has been shown previously (/) that for a motor: 
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and also that azistart) is a maximum when 
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or, rearranging, 






I, TX (sta) 2? 
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The left-hand side of this last equation is expressed en- 
tirely in terms of load parameters, and the right-hand 
side is essentially a motor parameter. A powerful tech- 
nique for servo-motor selection is therefore available, 
since, if values of (Tiistaipg)*/I of servo-motors: are 
known, then a suitable motor for driving a load inertia 
I, with acceleration a, can immediately be selected. 

(In the above derivation stiction and friction have been 
neglected. The general case when frictional effects are 
taken into account has been discussed (2) but in a large 
number of small servo-motor applications the neglect 
of friction at this stage is justified.) 

The parameter (7ystaiyg)?/Ju, if expressed directly 
in c.g.s. units, has very large values. However, a con- 
venient expression in the strange units W/s may be 


derived, with the physical concept of ‘ rate of power 
build-up ” since 
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= torque (dyne cm) x acceleration (rad/s?) 
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Values of | I 
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a range of small a.c. and d.c. International-Frame-Size 
servo-motors 

















PT vistas du 
MOTOR TYPE Im (W/s) 
(rad/s*) 
a.c. 
07 59 x 10 $2 
10 41 x 10 85 
il 41 x 10° 154 
15 29 x 10° 300 
18 40 10° 660 
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NOMENCLATURE 

Torque (gf cm) 
Tu = Motor output torque 
Tm(stan) = Motor stalling torque 


Speed (rad/s) 
wa = Angular velocity of motor 
wr = Angular velocity of load 

Acceleration (rad/s?) 
ay’ = Angular acceleration of motor 
ay; = Angular acceleration of load 


Inertia (g cm?) 


Im = Motor inertia 
I, = Load inertia 
Power (W) 


Wu = Motor output power 
Wi = Load driving power 


Other motor parameters 


ren (Tu(stanyg)?* 


ie 10-7 W's 


Efficiency 
7 = Gear-head torque efficiency 





Gear ratio 
N = Gear-head ratio, where N > 1 for step-down ratio 





Constants 
Ki(,) = Generalized load running torque constant, 
when T1(8) 2Kune, 
g = Gravitational acceleration (cm/s*) 


Symbols such as w{, Ts; etc. indicate a defined or particular 
value of the generalized parameter. 








It is convenient to introduce a motor parameter ws, 
defined by: 


( Tu stain ? L 


du = 


10-7 W/s 
Curves have been drawn (Fig. 6) enabling one to plot 
the minimum permissible value of #4 for a wide range of 


values of azistarty and /,. The procedure for selecting 
a servo-motor using these curves is: 


1 Plot vertical for ». 


2 Plot horizontal at point of intersection with appropriate curve 
for Ty. 


3 Minimum yy, operating point for motor is then at point of 
intersection with vertical for load acceleration. 


4 In general, any motor whose yy curve is above this operating 
point will be capable of meeting the acceleration requirements 
providing a suitable gear ratio is employed. 


Gear ratio 
The curves of Fig. 6 assume optimum gear ratio, 


Ty 1\ 
N optimum) - ea 
When the ratio has to be greater or less than N eptimum) 
in order to satisfy some other aspect of design (for ex- 
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4ail fs (7g) a Yu X10’ 
n i) 


3860 W/s, size—18 d.c. 
2150 W/s, size-—15d.c. 
1160 Ws, size-11 d.c: 

- 660 W/s, size-18a.c. 
500 W/s, size-O86 d.c. 
300W/s, size-15d.c. 
-154 W/s, size-I1 a.c. 
+ 85 Ws, size-!Oa.c. 
52 W/s, size-O7a.c. 





Fig. 6 Servo-motor selection on the basis of load-stalling 
acceleration 


ample maximum load speed) then the acceleration will 
be less than maximum. 
If a starting acceleration azistart) is achieved with a 
ratio N’, such that 
. WN s 
N optimum) 5 
then 


N’ g Tyristain 
a, (start) _ I, 


+ IyN’” 


Ii 1 


4 
I --) gTm stall) 
a 


I 
” (1+ S%) 
7 


2S 
= GL (start) (max) 1 - §2 


thus if Fig. 6 is used to determine az;start) (max) for a sys- 
tem, given 7, J; and ¥y for a servo-motor selected by 
other criteria, the actual starting acceleration that will 
be achieved, a; (start) can be calculated from 


anjtart) | 2S 
QL (start) (max) {= $* 
where 
N’ 
Sot 
N optimum) 
lo 





A iieto 0 
AL (start)(max) 
° 
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Fig. 7 Calculation of starting acceleration when optimum gear 
ratio is not used 


In Fig. 7 values of 2S/(1 + S?) are plotted for a range 
of values of S and the effects on load-stalling acceleration 
of using a gear ratio other than optimum can readily 
be established from this curve. An example of this tech- 
nique is worked in the appendix to illustrate the use of 
these various curves. 


Merits of method 

As in most engineering design, a compromise solution 
is often necessary, the extent of the compromise being 
determined by system design requirements. However, it is 
suggested that the design approach discussed, and the 
use of the curves plotted in Figs. 3, 6 and 7 (in conjunc- 
tion with motor manufacturer’s characteristics) will 
permit the performance of small servo-motors in a wide 
range of systems to be readily estimated, and will help 
in the rapid selection of components suitable for par- 
ticular applications. 


APPENDIX 
Example illustrating the selection of a servo-motor on the basis 
of load-stall acceleration. 

A load with moment of inertia 100 g cm? has to have a minimum 
starting acceleration of 1300 rad/s?. What is the smallest a.c. 400- 
c/s servo-motor that may be employed, 

1 If a special gear-box may be designed, 

2 If a standard-rate International-Frame-Size gear-head is to 

be employed ? 

(Assume that 7 = 0-8 in each case). 

From Fig. 6 it is seen that a motor is required with ¥4 > 85 W/s. 
Two motors will therefore be considered, size-10 and size-11. 

For size-10 motor (Jy = 0-5 g cm?): 

Optimum gear ratio for max. acc’n. is 


+ 
N (optimum) _ (= x 3) = 15°8:1 


05 ~ 08 
and from Fig. 6 is is seen that, if this motor is employed with 
optimum gear ratio, then 
axstaul) = 1300 rad/s? which just meets the specification. 
A size-10 motor may therefore be used in this application if a 
special gear ratio of 15-8:1 is employed, but the required 
acceleration will not be achieved if a standard ratio is employed 
For size-11 motor (Jv = 1-0 g cm?). 
Optimum gear ratio for max. acc’n. is 
100 1)\% 
Nioptimum) = 10 x os) = 11:2:1 
and from Fig. 6 it is seen that if this motor is employed with 
optimum gear ratio 
@L(start)(max) >= 1700 rad/s*. 
and the permissible acceleration reduction factor is then 
@L (start) 1300 
————— = = = 077 
@L(start)(max) 1700 
therefore, from Fig. 7, the spread of permissible gear ratio is 


0-48 < < 2:1 





N (optimum) 
and the range of possible ratios with which the acc’n. spec. may 
be achieved is 

(11:2 x 0-48) < N < (11:2 x 2-1) 
i.e. 5-4 < N < 23°55 

Either of the two standard ratios 10 : 1 or 20 : 1 may therefore be 

employed if a size-11 motor is selected for this application. 
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THE GAS-COOLED REACTOR HAS SEVERAL COMPONENTS 
which are conventional in principle, but because of 
special requirements peculiar to the nuclear field have 
required extensive development in recent years. The gas 
blowers are in this category, and although mechanical 
design is tending to become standardized, there still 
remain several controversial features regarding blower 
drive and the method of mass-flow control in the reactor 
units. These features will be discussed below and 
designs in present British gas-cooled reactors will be 
compared. é 

The term ‘blower’ is in a way a misnomer, and a 
more accurate description is perhaps ‘ pressurized fan ’, 
since it is required to handle a comparatively large 
throughput of gas and increase its pressure by a very 
small ratio. Pressure ratios of approximately 1:05 are 
usual, and a single unit may handle from 1000-3000 Ib/s 
of carbon dioxide at pressures of 150-300 Ibf/in? and 
temperatures of about 200°C. Compared with that of 
conventional blowers and compressors, then, the duty is 
unusual in that the gas is not at atmospheric conditions 
at inlet, and the temperature is comparatively high. Only 
in the gas turbine field have conditions at all similar 
been encountered, and it is from such practice that 
development has proceeded. The terms ‘ circulators’ 
and ‘compressors’ are sometimes used in the nuclear 
field, but ‘blower’ is probably most appropriate in 
terms of mechanical design and duty, and is used here. 


AXIAL OR CENTRIFUGAL? 
A typical characteristic for a blower for a gas-cooled 
reactor is shown in Fig. 1. Both axial and centrifugal 
designs are in use, but there is little significant difference 
between the characteristics of the types. Normally the 
speed lines of the axial blower would tend to be a little 
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Need for mass-flow control complicates the choice of 


blower drive, and no one solution answers every case 


Control of blowers 


by G. H. INGLIS B.Sc., A.M.I.Mech.E. 


steeper, and perhaps the region between maximum 
efficiency and surge more restricted; however, with the 
types of axial blading now in use, these differences often 
hardly exist. The characteristics should ideally be steep 
enough for operation in parallel not to present any 
difficulties—in other words, a small change in pressure 
ratio should not correspond to a large change in mass 
flow if stable operation is to be achieved. 

The overall efficiency of typical blowers, measured 
between inlet and outlet flanges, is about 80%. There 
is not much difference between axial and centrifugal 


Pressure ratio 
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Fig. | Typical characteristic of blower for gas-cooled reactor 


blowers with regard to efficiency. Normally the axial 
blower can be more efficient if inlet losses are kept low 
and a high-efficiency diffuser is employed. This is neces- 
sary because, as the duty quoted above can be achieved 
easily by a single stage of blading, external losses have 
a significant effect on the overall efficiency. 

The choice between axial and centrifugal blowers for a 
particular project will not usually depend upon aero- 
dynamic considerations, since, as indicated above, there 
is little to choose between them in performance or 
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efficiency. Mechanical problems tend to predominate, 
and the design will be influenced mainly by the require- 
ment for gas-tight enclosure, the form of station layout, 
and possibly also by any limitations of speed imposed 
by the type of drive. 

A centrifugal design inevitably leads to a casing of 
large diameter, and difficulties arise in designing a rigid 
structure which will not distort under pressure and 
temperature and cause gas leakage at joints and seals. 
Such experience on the centrifugal blowers at Calder 
Hail led to the adoption at Bradwell of an axial design 
with a cylindrical casing having only a single circular 
joint sealing to atmosphere. A cross-section through 
the unit is shown in Fig. 2. 

With regard to station layout, the centrifugal design 
will normally introduce a 90° change of direction in gas 
flow in the horizontal plane, preventing a compact lay- 
out. At Hunterston the enclosure and iayout problems 
have been solved by mounting the blower vertically in 
the lower end of the boiler shell. This may be a costly 
solution when the additional length of large diameter 
shell is allowed for; also, the vertical shaft tends to 
eliminate high rotational speeds. With the axial design, 
the duct layout may be conveniently arranged in one 
vertical plane, easing thermal expansion problems. In 


Gas inlet 


Driving 


Inlet guide 
vanes 


Fig. 2 Cross-section through blower 


the Bradwell reactor, for example, the blower is located 
under the boiler to provide a compact station layout. 

Finally, the axial design is favoured because its opti- 
mum speed is higher, allowing more compact and 
cheaper driving units. It lends itself more easily to 
development for future designs where larger volume 
flows will inevitably be required. 


BLOWER DRIVE 
The primary requirements for blower units are re- 
liability and freedom from maintenance. Outages mean 
a substantial reduction in reactor output, and if more 
than a certain proportion of the total number of units 
is out of action, the reactor may have to be shut down. 
With this requirement in mind, the selection of the 
driving unit will be influenced mainly by the maximum 
power and speed required; however, the problem of 
mass-flow control introduces complications. Variation 
of joad on the power station is best met by change of 
gas mass-flow whilst keeping gas temperatures approxi- 











mately constant. Apart from maintaining highest effi- 
ciency, this method avoids unnecessary thermal cycling 
of the plant, in particular of the fuel elements, on which 
its accumulated effects might limit life. Whilst it is true 
that the stations in the U.K. are planned for base-load 
operation, nevertheless load demand will normally vary 
between 70% and 100%, and flow variation over this 
range is a minimum requirement. 

In most stations, the mass flow will be controlled by 
means of blower speed variation. The table on page 
97 gives details of the blowers on existing U.K. 
designs. Once a variable-speed drive is accepted in 
principle, it is desirable to have as wide a range as 
possible in order to provide flexibility for starting-up 
and part-load operation, so that undue restrictions will 
not be placed upon operating staff. If the blowers are 
able to operate at low speeds then gas temperatures may 
be increased more rapidly during starting-up, so that 
normal steam pressures and temperatures can be 
achieved to facilitate loading of the turbo-alternators. 
Usually the steam output from a reactor unit is divided 
between two or three main turbo-alternators, and it is 
desirable operationally to load these in sequence, rather 
than increase output simultaneously on all machines. 
As it happens, most of the acceptable methods of speed 
control will allow a speed range of 5/1 or even 10/1 
just as easily as a smaller range. Mass flow is approxi- 
mately proportional to speed, and a wide power-range 
can therefore be covered without dropping gas-tempera- 
tures. Another advantage of speed control is that a 
small margin of overspeed may be provided to allow 
for errors in prediction of circuit resistance, so that 
guaranteed output can be achieved. This margin may 
be between 5% and 10% above design speed. 

The available blower drives for typical conditions can 
be broadly classified as follows, where speed variation 
is required: 

1 A.C. squirrel-cage motors, variable frequency supply 


2 A.C. squirrel-cage motors, fluid couplings 


3 D.C. motors, voltage control from rectifiers or motor 
generator sets 


4 Steam turbines. 

As stressed previously, reliability is the outstanding 
consideration. A squirrel-cage motor, in conjunction 
with variable-frequency supply or a fluid coupling, is 
an attractive driving unit for the blowers. The squirrel- 
cage motor is simple and rugged in construction, and it 
has an inherent reliability which is difficult to better. 
Furthermore, it is cheap in comparison with other types 
of motor, and is usually suitable for the output required 
since motors of several thousand horse-power are 
common. 

VARIABLE FREQUENCY 
At Bradwell, Hinkley Point and Latina (Italy), a 
variable-frequency supply is obtained from auxiliary 
turbo-alternators. On the U.K. stations, the six blowers 
on each reactor are supplied from one machine. A third 
turbo-alternator is provided as a spare to allow for 
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maintenance on one of the other machines. At Latina, 
which is a single-reactor station, the six blowers are 
supplied from two machines operating in parallel. Each 
is designed for 50% of the maximum total input to the 
blowers, which allows a station output of about 80% if 
one machine is shut down (power input to blowers 
varies as the cube of mass flow). 

The only criticism which might be levelled at turbo- 
electric drive is that all blowers on a reactor may be 
connected to a single turbo-alternator, and a fault on 
this machine could cause the reactor to trip. In the 
systems mentioned above, a second machine can be 
synchronized and take over the load if the fault is such 
that time is available for this. The arrangement at 
Latina is therefore better in this respect, for the second 
machine will usually be operating in parallel most of the 
time, and therefore load-shedding.to 80% will be the 
loss in the event of one turbo-alternator tripping out 
unexpectedly. 

On this question of overall availability, the important 
factor is that the design features of these auxiliary turbo- 
alternators, machines of 10-30 MW output operating 
on moderate steam conditions, are such that many years 
of experience on similar machines should ensure reliable, 
trouble-free operation. With regard to the electrical 
part of the system, availability may be better on the 
turbo-electric drive than where the motors are supplied 
from the station auxiliary system and are therefore part 
of a large network linked to the grid. Incidents should 
be less on the isolated system if simplicity is used to 
advantage in the design. 

The control of the turbo-electric drive is simple. The 
speed of the auxiliary turbo-alternator is varied in the 
normal way by governor control, and the speed of all 
the blowers is set by the frequency of supply from the 
alternator. When operating blowers in parallel on a 
reactor, the speeds of all units should be very nearly 
identical. If one unit differs from the others by more 
than a certain amount, depending upon the character- 
istic, then it may ‘surge’ (stalling, or reversing flow) 
causing a sharp reduction in mass flow through the 
reactor. Usually the design point and the form of the 
characteristic are selected to ensure that blower speeds 
must be widely out of step for this to occur. A second 
and more important reason for maintaining equal speeds 
is that gas temperatures on individual circuits at inlet 
to the reactor should not vary by more than a few 
degrees, the tolerance depending upon the degree of 
mixing of the gas in the reactor vessel to make tempera- 
ture distribution more nearly uniform at the inlet to the 
core. 

With frequency control, the speeds of all the blower 
units are always identical, unless the supply to one 
unit fails. Since it is not possible to have small varia- 
tions of speed between individual blowers, care must 
be taken in designing the pressure circuits not to intro- 
duce differences in circuit resistance which could cause 
an appreciable difference in mass flow between circuits. 
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A further possibility is that there may be small differ- 
ences in the performance of blowers constructed to the 
same nominal design. With careful design these two diffi- 
culties can be overcome, so that with blowers operating 
at identical speeds, differences in reactor gas inlet 





Fig. 3 General view of blower house at Bradwell, showing blowers, 
blower motors, and pony motors 


temperature between circuits will hardly be detectable 
within the limits of measuring error. Therefore the 
trimming of speeds on individual blowers will not be 
required. 

At first glance the cost of the turbo-electric system 
would appear to be appreciably higher than that of 
other types of drive. Of the total, the cost of the 
auxiliary turbo-alternators obviously forms a significant 
part. However, with electrical drives the power for the 
blowers has to be generated on the main turbo-alter- 
nators if not on auxiliary machines, and the important 
factor is the difference in cost between the two methods. 
Under certain conditions the additional cost is not 
appreciable, though obviously spare auxiliary machines 
increase the investment as an insurance for availability. 

When the auxiliary machines are of the condensing 
type (which are larger), as on the stations shown in the 
table on page 97, then the reduction in output and in 
steam flow on the main turbo-generators eases the 
exhaust problems. The steam volume flow at exhaust 
is the factor limiting the output per machine, and there- 
fore provision of auxiliary machines may allow the 
number of main turbo-alternators to be reduced. 

A price comparison between blower drives is therefore 
necessarily a complicated investigation covering many 
items of equipment in the nuclear power station. Effi- 
ciency also must be considered, and here the turbo- 
electric drive is attractive, maintaining high efficiency 
down to quite low speeds. At Bradwell, turbo-electric 
drive was selected after consideration of the points 
mentioned above, because it offered the least technical 
uncertainty of the many alternatives. On all components 
there existed considerable experience in the power range 
required, and a reasonably firm assessment of reliability 
and availability could be made. In these respects, there- 
fore, it also offered the least economic uncertainty. 
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FLUID COUPLINGS 

The squirrel-cage induction motor may also be 
employed to provide a variable-speed drive through a 
fluid couplings, as at Berkeley power station. Here the 
motors are supplied from the main generating units and 
operated at fixed frequency, speed variation being 
obtained on each blower unit by fluid coupling. This 
method suffers the disadvantage of poor efficiency at 
part load, the efficiency being approximately equal to the 
ratio of blower speed to motor speed. On a base-load 
station this feature may not be so serious, but some loss 
of efficiency even at design output is incurred if an 
overspeed margin is required. A 10% speed margin 
would involve a coupling efficiency at design speed of 
only about 87%, and a power loss of about 4 MW on 
a 300 MW station. 

A further limitation of a fixed-frequency supply is that 
the blower design speed must correspond closely to 
3000, 1500, 1000, 750 rev/min or lower with a frequency 
of 50 c/s. The optimum speed for the axial blower is 
usually in the range of 2000-3000 rev/min and the 
choice of 3000 or 1500 rev/min may impose problems. 
For a centrifugal blower the optimum speed is lower, 
usually about 1000 rev/min, and the restriction is not 
so important. 

Fluid couplings have not previously been built for the 
powers and speeds necessary for reactor blowers. The 
Berkeley couplings are the largest built for 3000 rev/min 
and a double unit is necessary. Several of the units have 
now been successfully tested. Further development 
would be needed for couplings suitable for blowers on 
a 500-MW station. 


D.C. motors 

D.C. motors have been used at Calder Hall and 
Chapelcross, and have been chosen for Hunterston.. It 
is difficult to achieve large outputs or high speeds with 
this form of drive. An upper limit of about 2000 bhp 
at 1000 rev/min does not allow much flexibility in choice 
of blower design. Hunterston employs tandem motors 
for conditions not much more arduous than the above. 
This type of drive is not suitable in most cases for axial 
blowers, and all proposals up to the present have been 
for centrifugal designs. The main disadvantage of d.c. 
motors is the maintenance required on the brush-gear. 
When commutator design is being stretched to the limit. 
it is not easy to avoid high brush wear. Although main- 
tenance of this type does not necessarily mean a low 
availability, it is an undesirable feature in comparison 
with what obtains on other forms of drive. 


Turbine drive 

An obvious solution to the problem of driving the 
blowers is to use some of the steam generated by the 
reactor to drive a turbine directly coupled to the blower. 
It is equally obvious that the possible attractions of 
simplicity and flexible speed control are not obtained 
without some restrictions or disadvantages, otherwise 





steam-turbine drive would have been proposed in more 
designs. At present the stations for Tokai-Mura (Japan) 
and Dungeness are the only firm proposals incorporat- 
ing turbine drive. 

At low powers, say about 2000 bhp, the steam turbine 
is not attractive; its optimum speed is high, and usually 
much higher than that of the blower. The overall effi- 
ciency will therefore be low unless a gear-box is included 
in the drive. In any case, it will be difficult to equal the 
efficiency of other types of drive at these low powers 
because of the poor internal efficiency of the turbine. 
At higher powers, the turbine becomes more attractive, 
as problems develop on the electrical forms of drive. 
The design of switch-gear and motors to meet all re- 
quirements becomes increasingly difficult at unit powers 
above 6000 bhp, and it is in this region that the turbine 
begins to compare favourably. The main attractions are 
low capital cost, flexible choice of speed, and simple 
speed control. 

The design of turbine will depend largely upon the 
steam cycle proposed for the station. With the dual- 
pressure steam cycle commonly in use, the turbine may 
be driven from low-pressure steam, or alternatively 
take high-pressure steam and exhaust to the low-pressure 
system. In the latter case, back-pressure machines offer 
the advantage of simple, robust driving units with a 
minimum of auxiliaries requiring control or mainten- 
ance. Also, the steam flow through the turbine is 
increased, permitting an improved blading design and 
higher efficiency. 

Turning once again to reliability, the steam turbine 
does not possess the inherent simplicity of the squirrel- 
cage motor, and therefore its reliability will depend to a 
great extent upon design. However, the problem should 
be seen in correct perspective, and not confused with 
the difficulties arising on large modern machinery opera- 
ting at elevated steam conditions. By using to advantage 
the modest power, temperatures and pressure, a robust 





NEXT MONTH ] 


The eighth article in the series will be ‘ Supply and | 
| regulation of boiler feed water’ by J. W. W. Shaw, | 
of the U.K. Atomic Energy Authority | 


mechanical design is possible, and the record of such 
machines in industrial applications is in many cases 
extremely good. The absence of electrical equipment 
must inevitably contribute to a reduction in sudden 
faults. 


FLOW CONTROL 
Variable-speed drives have been discussed in some 
detail. An alternative method of mass-flow control is 
by means of dampers located in the flow paths of the 
gas circuits. Such a system is proposed for the 
Trawsfynydd station. A by-passing duct is provided 
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CALDER HALL and 40 


PRESSURE MASS DESIGN 


RISE FLOW SPEED 
Ibf/in* Ib/sec rev/min SraeD 








115 Centri- 5:53 500 
CHAPELCROSS fugal 
BRADWELL 150 6 147 Axial 76 877 
BERKELEY 137-5 8 140 Axial 7:25 805 
HUNTERSTON 150 8 165 Centri- 7:6 750 
fugal 
HINKLEY POINT 250 6 200 Axial 8-63 1750 
LATINA (ITALY) 200 6 196 Axial 10-1 1187 
TRAWSFYNYDD 250 6 255 Axial — _ 1500 
TOKAI-MURA 150 4 224 Centri- — 1500 
(JAPAN) fugal 
DUNGENESS 250 4 283 Axial — 2650 


around the blower, permitting the flow to the reactor 
to be adjusted by means of butterfly valves located in 
the main duct and in the by-pass duct. 

The blower is driven at constant speed by a squirrel- 
cage motor supplied from a normal 50-c/s supply. At 
this speed the blower must deliver the maximum mass- 
flow required by the reactor under any conditions. When 
a lower mass-flow is desired, the surplus flow is diverted 
through the by-pass duct back to the blower inlet. This 
procedure does not affect to any extent the power 
absorbed by the motor, the variation depending upon 
the slope of the characteristic and the change of blower 
efficiency. If a margin of mass flow at design output is 
required then the surplus must be by-passed continually 
during normal operation. 

This form of mass-flow control suffers from the same 
disadvantages which exist on the fluid-coupling drive, 
in that efficiency both at the design point and at part 
load is reduced below that of a straightforward motor 
drive. Other features similar to the fluid-coupling drive 
are: first, the restrictions upon choice of blower speed; 
second, the interconnexion with—and therefore reliance 
upon—a larger electrical network. 

The reliability of the drive is unquestionably high, 
the onus for trouble-free operation having been placed 
upon the valves in the gas circuit. If special valves are 
provided for gas control, additional to the isolating 
valves, then they can be designed without need for-tight- 
sealing and with liberal clearances to ensure freedom 
from binding. The valves are also operating in the low- 
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DRIVING 
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SPEED CONTROL 
rev/min bhp 





854 





940 


1495 


2200 D.C. motor 






Ward Leonard 


(motor generator 
sets) 





3000 3300 3300 4400 Squirrel-cage Variable frequency 
induction supply from aux- 
motor iliary turbo- 

alternators 

2715 2903 3020 3800 Squirrel-cage Fluid coupling 

5 induction 
motor 

1040 1100 2255 D.C. motor Voltage control 

from mercury 
arc rectifiers + 
phase shifters 
os 3000 5500 7000 Squirrel-cage Variable frequency 
induction supply from aux- 
motor iliary turbo- 
alternators 

2250 2363 4115 4760 Squirrel-cage Variable frequency 
induction supply from aux- 
motor iliary turbo- 

alternators 

2950 2950 6200 — Squirrel-cage Constant speed 
induction 
motor 

— — 7400 — Steamturbine Turbine governor 

2130 2240 9600 11,000 Back-pressure Turbine governor 


steam 
turbine 


temperature region of the gas circuits, and maintenance 
should be less on this account. The control problems 
centre around combining the operation of all the gas 
valves so that synchronism and flow balancing is 
achieved over the whole range. 

The cost of a constant-speed drive of this type, with 
flow control, is similar to that of the fluid-coupling 
drive, the method being less expensive than the turbo- 
electric but more than the steam turbine drive. 

From the above it will be appreciated that the choice 
of blower drive for a particular project is difficult indeed. 
No one solution will apply in all cases, and the type of 
drive finally selected will depend upon such features as 
the type of blower, the maximum power required, the 
number of gas circuits on the reactor, the type of steam 
cycle, the anticipated load factor of the station, and 
finally a cost comparison taking into account all the 
variables. Only one trend is clear; with the larger 
powers required on high-output reactors, the choice is 
between the squirrel-cage induction motor and the steam 
turbine. Even then, there remain an appreciable number 
of different methods of using either of these two prime 
movers. Steam-turbine drive has the lowest initial cost, 
and, other characteristics being equal, it would therefore 
be selected. 

Comparing the drives outlined in the accompanying 
table, it will be interesting to collate, after the passage 
of a few years, the relevant operating experience on 
each. Only then will assessments of merit be based upon 
some factual information rather than judgement. 
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Versatile analogue computer for g.w. studies 


by MICHAEL G. HARTLEY M.Sc.Tech. 
Manchester College of Science and Technology 


IN THE DEVELOPMENT OF GUIDED WEAPONS THE ANALOGUE 
simulator has proved an important aid. With such a 
machine the performance of a weapon may be in- 
vestigated in some detail without expensive firings. In 
this connexion a demand arose for a versatile analogue 
machine which could simulate in a comparatively simple 
way a variety of missile and target courses in different 


A two-dimensional simulation, covering a 
variety of situations, deals with the aero- 
dynamics and Kinematics of missile and 
target in a guided-weapon system. The 
machine has been operated for some time 
without serious fault, and the operational 
amplifiers function well. Valuable data about 
missile performances have been obtained. 





guided-weapon systems. Such a machine has been con- 
structed. It incorporates sufficient analogue computing 
equipment for a simplified two-dimensional simulation 
of missile and target aerodynamics and kinematics. If 
desired, the behaviour of the associated radar trackers 
may be simulated by the use of positional servo- 
mechanisms with suitable shaping networks. Range is 
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provided by the instantaneous position of rate servo- 
mechanisms. Provision is made for the inclusion of noise- 
generation equipment to simulate tracker noise. Target 
manoeuvre may be simulated with function generators. 

The block diagram (see Fig. 1) shows the extent of the 
equipment. Target range and bearing information may be 
transfered from the simulated tracker to a digital com- 
puter. The analogue-to-digital converters consist of 
disks, coded in cyclic progressive code, attached to the 
output shafts of the servo-mechanisms. A row of small 
lamps illuminates the tracks of the disks. Reading photo- 
transistors are mounted on the side of the disks opposite 
to the lamps. 

Data as to missile range and bearing may be applied 
in the same way to the digital machine. The digital 
machine is able to calculate a suitable course for the 
missile. In this simple two-dimensional case the instruc- 
tion to the missile would take the form of a lateral ac- 
celeration demand. The analogue machine operates 
upon the acceleration demand through the simulated 
missile aerodynamics and kinematics to provide the 
resultant lateral displacement and hence missile range 
and bearing at the missile pick-offs. The digital machine 
is sufficiently fast to modify continuously its output 
acceleration demand in the light of further input data 
representing missile and target positions. 

As an alternative to the above simulation, a completely 
analogue simulation is possible. 
The remainder of this article is devoted in some detail 
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to the various sections of the analogue machine and 


servo-systems, in which several novel design features are 
included. 


GENERAL DESCRIPTION 
An overall front view of the simulator is shown 
opposite. The analogue section comprises four standard 
racks containing the operational amplifiers, main control 
panel, stabilized power supplies, gain adjustment panel 
and Wheatstone bridge, and equipment associated with 
the servo-systems. The interconnexion panel for the 
inputs and outputs to the operational amplifiers is at 
the rear. The racks are so arranged that further additions 
can be made with ease. The servo-systems are on 
the central bench. A pen recorder on the bench enables 


one to monitor the system at any point. The digital 
machine is at the left. 


Computing elements 


The principal computing element is the chopper-type, 
drift-corrected, d.c. amplifier which may be connected 
as either an amplifier, an integrator or as an active 
shaping network. When used as an amplifier its gain is 
set up using the gain adjustment procedure described 
later (under Computing amplifiers with input and feedback 
resistances). Accurate measurement of the input and 
feedback resistances is not required. Sixteen of the 
operational amplifiers may be used in this way. For the 
remainder, used as integrators, or for more complex 
transfer functions, accurate measurement is necessary. 
This applies also to the amplifiers associated with the 
servo-systems. 

The operational amplifier is described in the next 
section. It is contained in a compact light-alloy standard 
sub-chassis with a front panel 6in high and 2}in wide. 
It plugs into a larger chassis permanently fixed to the 
racks of the analogue machine. Each large chassis has 
space for six sub-chassis. It holds two heater transformers, 
and a 250-0-250 »A meter and seven-way switch are 
mounted at the front. The meter and switch enable one 
to monitor the outputs of the amplifiers at will. A 
push-button above the meter having been depressed, 
the sensitivity is increased so that full-scale deflexion 
Target course 


function 
generator 


: Target 
tracker 


Pick-off disks 


Fig. | Block schematic diagram of 
overall simulation 
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corresponds to +15 mV at the output of the amplifier 
under test. The value of the drift voltage referred to the 
input is this value divided by the amplifier’s closed-loop 
gain. 

Heat dissipation ducts (/) are used above each six- 
unit chassis. By the use of this simple device the operating 
temperature is kept within reasonable limits. 

As is usual with analogue computing machines, 
control is achieved by a relay system. In the zero set 





Fig. 2 Opposite sides of two amplifiers 


(z.s.) condition, relays are used to earth the input to 
each amplifier while the * zero set ’ potentiometer of each 
amplifier is adjusted for zero output from the amplifier. 
These relays are released for the other operating states, 
* initial conditions’ (i.c.), and ‘ run’. 

In the ‘ initial conditions ’ state, provision is made for 
insertion of initial voltages at the computing units used 
as integrator and active shaping networks. In the ‘ run’ 
condition all the elements are connected and computa- 
tion is performed. 


D.C. amplifier 


The amplifier was designed a few years ago and was 
based on an R.A.E. circuit. It is constructed on two 
printed-circuit panels. The horizontal panel on which 
the valves and chopper relay are mounted is slotted into 
and soldered to the vertical component panel. The general 
construction is shown in Fig. 2. 

The main amplifier uses five valves and has a triode 
output stage. The other half of V3 is used to establish a 
negative reference for the output triode. The circuit 
diagrams are shown in Fig. 3. 

A double-triode amplifier with a Siemens relay type- 
130 is used in the drift correction channel. This relay is 
non-polarized, giving a 100-c/s chopping frequency from 
a 50-c/s supply. The gain of this channel at d.c. is 120. 
The neon connected to the output provides a true over- 
load device and indicates any departure from linearity 
or fault where the input grid is no longer a virtual earth. 
The overall gain of the amplifier at d.c. is 3 x 10°, and 
with a defined gain of 100 the band-width is 4 kc/s. Over 
periods of a few days the drift, referred to the input, is 
less than 1 mV. The output swing is +60 V into a 10-kQ 
load. 

Although the performance of the amplifier is inferior 
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e Siemens RS relay, type 130G Fig. 3 Circuit of operational amplifier 
to that of many now available commercially, it is ade- Uo —Ryp 
quate for the computation in which it is used. Twenty- vt; Rin +(1/M\Rin + Ryo) (1) 
five of these amplifiers have been in continuous use for 
two years and have given remarkably little trouble. where R;, = computing resistance at the amplifier input. 


Computing amplifiers with input and feedback 
resistances 
When used with resistances as input and feedback 
components, the amplifier may perform the arithmetic 
processes of addition, scale changing and sign reversal. 
A maximum of three inputs may be applied to amplifiers 
used in this manner in the machine. A single amplifier 
may be used to perform more than one of the functions 


Rin 
(effective input resistance) 
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switched 

resistors 





i 
ob Virtual 
* earth 












voltage 


Four-decade 
resistance— 
box 


Ro 


Re 


Fig. 4 How the gain is adjusted 


simultaneously. In the above applications the ratio of 
feedback to input resistance is the principal factor which 
determines the accuracy of the computation. 

For the case of simple scale-changing, for example, with 
an input voltage v; and output voltage vo, the following 
relation holds (2). 


Ry, = feedback resistance. 
—M = open-loop gain of the operational amplifier. 


Since, as was seen in the previous section, the gain M 
in this case is 3 x 10°, it is permissible to take 


V9/v; = —Ryr/Rin (2) 


Normally resistors are measured as carefully as 
possible with a Wheatstone bridge. This method is 
lengthy. An accuracy of rather better than 1°, is normally 
achieved. After measurement the resistances are usually 
soldered into the circuit. Their ratio will change as a 
result of unequal heating during soldering, subjection to 
different ambient temperatures, and unequal aging with 
time. It is not normally easy to check and adjust the 
resistance values later. 

In order to reduce the time taken in setting up, and 
also to improve the accuracy of the determination of the 
ratio, an improved technique has been adopted for 
the sixteen computing amplifiers used exclusively in the 
above role. A similar method has been suggested by 
Wass (3). 

Fig. 4 shows the mode of operation of the gain-setting 
technique applied to one input of a particular amplifier. 
The input grid of the first stage of the computing ampli- 
fier is at earth potential, according to the ‘ virtual earth’ 
principle. Balance is achieved when point X is at earth 
potential, i.e. when, 


| v,| us Rin 
lvol = Ryo 


lv| Ra 
— = 3 
and i i (3) 
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Hence Rin/Ryp = Rai Ro 

Fig. 5 shows a simplified circuit diagram of the gain- 
adjustment technique. The arms of the bridge are con- 
nected via jack-plugs to the appropriate input and to the 
output of the amplifier under consideration. The inser- 
tion of the jack-plug at the amplifier input automatically 
disconnects the amplifier from the output of the previous 
amplifier. The other two inputs to the amplifier are 
earthed during gain setting. 

The input resistor selector switch is set to give approxi- 
mately the desired ratio for v»/v,;. The ratio R,/R, is set 
up on the bridge so that, 

R, |v9| 

R. ~ ln ” 
Balance is achieved by adjustment of the 100-kQ poten- 
tiometer at the input to the amplifier. The values of the 
input resistances are chosen so that the ratio |v9|/|v;| is 
continuously variable from about 0-25 to 7-5. Using this 
method the gain of the computing element may be 
quickly changed with ease. The ratio is set up with the 
resistors already in place. Differences in their ambient 
temperature are unimportant. The ratio may be checked 


occasionally without disturbing the problem on the 
machine. 


Technique to check gain-setting. 

Tests were made using two amplifiers set to a nominal 
gain of unity. The circuit is shown in Fig. 6. One input 
to the second amplifier is the input voltage common to 
both the amplifiers. The other is a voltage, reversed in 
sign, and of a magnitude differing from the input voltage 
to the extent by which the gain of the first amplifier 
departs from unity. Owing to the sign reversal, the second 
amplifier subtracts one from the other. As shown in the 
appendix, the sum of a reading before and after reversal 
of inputs to the second amplifier is a measure of the 
error in the gain of the amplifier under test. The use of 
the reversing switch removes error owing to the in- 
equality of gain in the two channels of amplifier two. 
Experiment showed that the error in the gain of the test 
amplifier was negligible. 


Computing amplifiers as integrators and for active 
shaping networks 


Eight computing elements are connected to perform the 
above functions. The relays which switch in the circuits 
associated with the three conditions of operation are 
mounted directly behind the computing amplifiers. At 
z.s. the amplifier is earthed. At i.c. the unit is arranged as 
an amplifier with gain determined by the ratio of i.c. 


input and feedback resistors. For the ‘ run’ condition 
the ic. i 


input voltage is removed and the feedback 
resistor disconnected to leave the feedback condenser 
charged to the appropriate initial voltage. 

The resistances and condensers must be individually 
measured and wired into the circuit. The bridge men- 
tioned above (under Computing amplifiers with input and 
feedback resistances) may be used in a conventional 
manner for the measurement of the resistances. 
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Fig. 6 How the gain is checked 


Coefficient potentiometers 

Sixteen coefficient potentiometers are provided in the 
machine. Ten-turn helical potentiometers are used in 
conjunction with a 100-V reference line. In operation, 
the potentiometer dial is set to the nominal value de- 
sired. A special * voltage-measuring unit ’ is used for the 
final potentiometer setting. In this way voltages may be 
set to about 0-1°, of the desired value. The measurement 
may be taken with the slider of the potentiometer con- 


nected to its appropriate load. Leading errors are thus 
avoided. 


Patch panel 


The inputs and outputs of the various computing ele- 
ments, amplifiers, potentiometers, external connexions 
etc. are brought out to a patch panel at the rear of the 
machine to facilitate rapid setting-up. Sockets are 
easily identified by means of a colour code. 
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Last month's instalment was about system 


design. In Part 2 the authors get down to the 


PART 2—Design of electronic units 


design features of electronic components 


Electronics in industrial process control 


by G. B. MARSON B.Sc., A.Inst.P. 
and |. ©. HUTCHEON M.A., A.M.I.Mech.E., A.M.LE.E. 


George Kent Ltd 


A.C.-RATIO-TO-D.C. CONVERTER 
Although most primary measuring elements or trans- 
ducers provide, or can be made to provide, a direct 
voltage or current output, there are a few such devices 
which essentially deliver a small a.c. signal, and these 
are of considerable importance in extending the field of 
possible measurements. Two examples are the magnetic 
flowmeter and the liquid-conductivity cell. In both 
cases polarization effects at the electrodes cause serious 
errors if d.c. is used, while in the case of flowmeters, the 
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Fig. 9 Solid-state servo-system 


high power required to generate the magnetic field is an 
added reason for supplying the device from the a.c. 
mains. For obvious reasons it is usually uneconomic to 
stabilize the a.c. supply, and consequently the output 
rises and falls with changes in mains voltage. 

A modular control system based on a d.c. transmis- 
sion signal must therefore contain one or more units 
which will convert the ratio of two a.c. signals into a 
direct current, with an accuracy of a fraction of 1%. 
This can be done by what is in effect a ‘ solid-state servo- 
system’ (5), using indirectly heated thermistors to replace 
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the conventional slide-wire, and frequency-sharing 
methods to determine the position of the slide-wire 
‘contact ’. 


SOLID-STATE SERVO-SYSTEM 


Consider Fig. 9. The only difference between this and 
the conventional a.c. servo-system is that the servo- 
motor and slide-wire have been replaced by a demodu- 
lator and two indirectly heated thermistors. These are 
arranged so that the presence of an a.c. error signal 
lowers the resistance of one of the thermistor beads and 
raises that of the other, so moving their common point 
towards one end of the total resistance. The total resis- 
tance remains very approximately constant, though this 
is of no fundamental importance, and the action is 
phase-sensitive, reversing when the phase of the error 
signal reverses. Thermal lag in the beads is sufficient to 
smooth the demodulated drive signal. The system drives 
itself towards a condition of balance in the usual way 
until, if the amplifier has a high gain 


r 
"R-+Fr 
R-+pr v 


ice. ee 


Thus the gain k of the thermistor potentiometer, defined 
as the ratio of its output to the voltage applied across 
it, is automatically adjusted in proportion to v/V,, the 
ratio of two a.c. signals. 


o= kV, 


FREQUENCY SHARING 
In the conventional servo-system, the slide-wire is linear, 
and k is displayed by the position of the contact which 
is usually geared to a pen and pointer. In the solid- 
State system no such display is available, but the ther- 
mistor potentiometer can be used to provide a d.c. out 
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put which is proportional to k if an additional d.c. 
reference voltage is impressed across it. 

One way in which this can be done is shown in Fig. 
10. The a.c. reference is provided by two separate wind- 
ings on a transformer, and a d.c. reference is connected 
between the windings with its centre point earthed. 
Provided that both the windings and the d.c. reference 
have negligible impedances, the whole of V, and V, 
is impressed across the thermistor potentiometer, and 
the latter’s output is therefore k(V, + V,). It is a 
fairly simple matter to separate the a.c. and d.c. com- 
ponents, so that kV, is fed back to balance the a.c. 
input signal, and kV, is amplified to provide the 
required direct output current. We then have 
R v 


— V. = _ - — V. 
output = kV, i 


ie. the d.c. output is proportional to the ratio of two 
a.c. inputs multiplied by the direct reference voltage. It 
does not matter in practice if the output of the ther- 
mistor potentiometer is quite heavily loaded, provided 
that the loading is the same for both d.c. and a.c. 


Converter for magnetic flowmeters 


Fig. 11 is a block diagram of a complete a.c.-ratio-to-d.c. 
converter based on the foregoing principles and designed 
specifically for use with electromagnetic flowmeters. It 
is fully transistorized and takes the same form as the 
d.c. amplifiers described in the next section, mounting in 
the same 3 in X 6 in X 18 in light-alloy chassis and using 
the same power-supply sub-units and a chopper-type d.c. 
amplifier of similar but simpler design. 

A well-shielded input transformer, with a high in- 
ductance and a low core-loss, isolates the flowmeter 
electrodes from the amplifier earth, and range-changing 
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facilities are built in. Since the flowmeter output signal 
is in phase with the field current, the reference voltage 
is derived from this current via a current transformer 
and shunt. Both signals lag behind the mains by nearly 
(but not exactly) 90°, and a further lag of 90° is intro- 
duced between the a.c. pre-amplifier and the main 
thermistor potentiometer so that the latter (whose de- 
modulator operates at mains phase) is driven by the 
input signal. . 
An important feature of the design is the automatic 
‘quadrature suppression’ provided by a second feed- 
back loop. A second thermistor potentiometer is driven 




















Fig. 10 Thermistor potentiometer sharing a.c. and d.c. 


by signals which are at 90° to those in the main measur- 
ing loop, and feeds back a suppression signal which is 
derived from the reference and is at precisely 90° to it. 
This arrangement removes any residual signal, such as 
would be caused by a phase error in the input signal, 
without introducing any additional signal at reference 
phase. The result is to reduce to negligible proportions 
any errors in measurement which the residual signal 
might cause (owing to demodulator phase errors etc.) 
and to eliminate all possibility of saturation by large 
residual signals. 

In its final form the converter provides an output of 

Fig. 11 A.C.-ratio-to-d.c. converter. At balance, k is given by 


kVref[r/(R + r)] = v/n, so d.c. output voltage 
kVz = (v/Vref) (I/m) [(R + r)/r]Vz 
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0 to 10mA d.c. for a.c. inputs to 0-4mV upwards. The 
input impedance in the steady state is about 10MQ, 
and the overall linearity is in the region of + 0-2%. 
Operation is virtually unaffected by normal changes in 
supply voltage or frequency, and by changes in ambient 
temperature between 0 and 50°C. The full-scale response 
time is about 2s. 


LOW-DRIFT D.C. AMPLIFIER 
Signal converters with direct voltage inputs and control 
units, as described last month, are both based on the use 
of low-drift d.c. amplifiers. The requirements for these 
two applications are not identical, since a thermocouple 
converter must have a voltage drift of less than a few 
microvolts, whereas the control amplifier, as explained 
previously, must have an input current of the order of 
10-*A, with some latitude in allowable voltage drift. 
However, when using transistor circuits the attainment 


Fig. 12 D.C. amplifier 
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of a very low voltage-drift results also in a low current- 
drift, and considerable advantages in standardization 
may be obtained by basing both types of unit on the 
same basic amplifier. 

To avoid the troubles which otherwise would arise in 
complex control schemes owing to multiple earthing etc., 
it is very desirable that the output of the amplifier be 
completely isolated from the input, and that both be 
isolated from earth and from the power supplies, 
whether a.c. or d.c. Lastly, the performance must be 
unaffected by normal changes in supply voltage and 
frequency, by ambient temperature variations between, 
say, 0 and 50°C, by vibration, and by a humidity of 
95%. 


Regulator-oscillator sub-unit 








17V, dc. 1% 200-c/s 
square-wave = 
oscillator S 


Construction 


The d.c. amplifier shown in Fig. 12 is itself constructed 
on a modular basis, and is really one of a family of 
designs, all of which use the same power supply sub- 
units, the same output transistor and the same d.c. 
isolator. The family includes several designs of elec- 
tronic controller, the a.c.-ratio-to-d.c. converter, and an 
amplifier with very high input-impedance for pH appli- 
cation. 

The power supply sub-units, as well as the outpu: 
transistor and isolator, are mounted in the rear half of 
a chassis of standard design, and the whole family of 
designs is constructed by adding the appropriate circuit 
cards at the front. Thus the unit shown in Fig. 12 con- 
tains a transistor chopper-type d.c. amplifier (6) suitable 
for use with thermocouples, resistance thermometers 
etc., together with a removable range-card which carries 
all the components which may have to be changed to 
suit the application. Certain types of proportional and 
three-term controllers can also be made merely by 
changing the range card. 


Power supplies 


The power supply system is shown in Fig. 13. A trans- 
former and rectifier unit provides d.c. from the mains, 
and this is fed to a transistor-and-Zener-diode regulator 
which delivers 17V d.c. + 1% toa relaxation oscillator. 
The oscillator provides a number of 200-c/s square- 
wave outputs. Some of these are rectified and smoothed 
in a ‘distribution unit’ and made available as floating 
h.t. supplies for the amplifier. Others are left in a.c. 
form to drive the transistor chopper and demodulator, 
and to supply the output transistor and the d.c. isolator. 
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Fig. 13 D.C. amplifier power-supply system 


This arrangement has several merits. It accepts a 
wide range of mains supplies (180—-270V, or 90-135V, 
40-60c/s) or 18 to 30V d.c., while requiring a selector 
having only three positions. The regulation and tempera- 
ture coefficient are such that every output is stable within 
+1% under all conditions, and this allows considerable 
simplification in the design of the amplifier and asso- 
ciated circuits 


Chopper-type d.c. amplifier and isolator 


The amplifier itself is a printed-circuit unit comprising 
a transistor input chopper, a high-gain a.c. amplifier, a 
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Fig. 14 Operation of d.c. amplifier 


transistor demodulator, and a feedback integrator which 
smooths the demodulated output of the a.c. amplifier. 
The integrator provides a final d.c. output of 0 to 5V 
at ImA maximum. 

The amplifier is shown in block form in Fig. 14, 
together with the rest of the system for millivolt 
measurement. The other items are an input filter, which 
is carried on the range card together with the feedback 
components, an output transistor which is mounted in 
the distribution unit and converts the amplifier output 
into a signal of 0-10mA d.c., and the d.c. isolator. The 
latter is a self-contained sub-unit based on a low-loss 
current transformer, having a gain of unity +0-15% 
at 10mA d.c. and delivering 0-10mA d.c. into any load 
up to 2kQ, 

In cases where an isolated output is not required the 
isolator can readily be by-passed to increase the overall 
accuracy of the system. 

The drift of the system is almost entirely determined 
by the input chopper. This is a silicon transistor, and 
in cases where the voltage drift must not exceed a few 
microvolts the device is mounted in a miniature oven 
controlled within + 2degC at about 60°C. The current 
drift depends much less on the temperature of the 
transistor chopper, and when a voltage drift in the 
region of 100uV can be tolerated, the oven and its 
control amplifier may be omitted. 

The amplifier card, range card and distribution unit 
are totally enclosed by a conducting metal screen which 
is isolated from the chassis and connected to an ‘ input 
guard’ terminal. In cases where the input is not at 
earth potential, this screen can be driven at the source 
potential, via a third input wire connected to the source, 
so that there is no pick-up in the amplifier. By these 
Means, common-mode d.c. or a.c. input signals can be 
attenuated by more than 10° times, up to a limit of 
300V. 

The a.c. amplifier comprises two groups of three 
transistors, each group being directly coupled and pro- 
vided with a single overall d.c. feedback loop to stabilize 
the working points. The feedback integrator is based 
on a low-drift npn—pnp pair. Response of the system 
depends on a number of factors, including the degree of 
smoothing, but is typically better than 0°2s full scale 
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when the feedback is adjusted to provide overall gain 
stability of 0°05%. The response to small input signals 
is in the region of 10c/s. 


THERMOCOUPLE CONVERTER 
The input and feedback circuitry for thermocouple 
measurement is shown in Fig. 15. The Wheatstone 
bridge in the input circuit is used to nullify the effect 
of temperature changes on the cold junction of the 
thermocouple. This junction is located at terminals in 
the converter’s outer case, close to the temperature- 
sensitive resistor R. The increase of this resistance with 
temperature causes an increase in the out-of-balance 
bridge voltage, which compensates for the change in 
e.m.f. of the cold junction. The bridge is supplied by a 
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—e Fig. 15 Use of d.c. amplifier 
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reference voltage obtained from a low-temperature- 
coefficient Zener diode, which is itself supplied with an 
accurate, stabilized, direct current derived from the 
200-c/s oscillator. The compensated thermocouple e.m.f. 
is applied via an input filter to the amplifier input, where 
it is balanced by the voltage developed across the feed- 
back resistor R, by the output current i). The gain of 
the d.c. amplifier is sufficiently high for full output swing 
to be obtained from an output less than 0°5% of the 
minimum measuring range. When larger spans are used, 
the feedback voltage must be increased accordingly, 
and to prevent instability the forward gain is reduced 
by attenuation within the a.c. portion of the amplifier. 
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NUMBER FIVE OF THE SERIES 


How the root-locus stability criterion 
compares with stability standards based on 


the usual frequency response methods 


Pole-zero approach to system analysis 


by P. F. BLACKMAN 
Imperial College of Science and Technology 


Root locus stability criterion 


The various design and stability criteria used with fre- 
quency response methods such as M-circles, gain and 
phase margins, represent restrictions placed on the 
system open-loop frequency response which will result 
in an acceptable closed-loop transient response by con- 
straining indirectly the position of the closed-loop poles. 

With the root locus method the fact of instability as 
opposed to stability is indicated by the presence of closed- 
loop poles in the right half plane, while the system will be 
stable if all closed-loop poles are restricted to the left 
half plane. In addition to this test by inspection it is 
necessary to obtain some criterion to define an acceptable 
transient response, since poles very close to the imaginary 
axis correspond to natural-mode components which 
decay very slowly. 

For a system in which the closed-loop transfer is 
dominated by a single conjugate pair of poles, corres- 
ponding to a transfer of the general form 


T(p) = 1/[(P/on)? + 26(p/on) + 1 


the response to a step input, which is the normal step 
response for any system, whether closed-loop or not, 
governed by a second-order differential equation is 
shown in Fig. la, with damping ¢ as a parameter to- 
gether with the corresponding pole locations. 

A damping value of £ = 0-4 is a convenient choice, 
corresponding to a maximum overshoot of about 25%, 
and the usual M criterion of Mmax = 1:3 corresponds to 
¢ = 0-42 (J). Thus a criterion of acceptable transient 


response for systems dominated by a single pair of poles 
is that the radial angle between the poles and the negative 
real axis should be 


6 = cos"! { = 66° (for ¢ = 0-4) 


This criterion essentially specifies a ratio between real 
and imaginary components of the pole, since motion 
along a radial line from the origin, corresponding to a 
constant ratio a/w, merely alters the time-scale of the 
response but not the actual form, as shown in Fig. 1b. 





2 4 6 


Fig. | a Step response of a second-order system, with correspond- 
ing pole locations 
b Change in time scale of response on radial motian of poles 


The criterion just developed is adequate for the com- 
mon situation of a system which is dominated by a single 
pair of poles, or when additional poles are well removed 
to the left corresponding with transient components 
decaying rapidly compared with those for the forward 
poles. For systems which have several poles contributing 
significantly to the overall transient response, the actual 
form of the response depends on the detail of the p-plane 
pattern. 

In order to obtain a correlation between the root locus 
stability criterion (which deals directly in terms of system 
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poles) and the normal frequency response methods, it is 
useful to investigate the interpretation of these methods 
from the root locus point of view. 


Relation between p-plane and T-plane 

if 7 p) is a general transfer function, then for any value 
of p, say p,, a value in magnitude and phase form can be 
obtained for 7(p,), and if a 7-plane is considered to be 
associated with the p-plane the values p, and 7(p,) can 
be plotted in their respective planes as in Fig. 2a, the 
actual relation between the two points depending on the 
particular form of 7(p). 

If p, is moved through a succession of values 
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T(p,), T(Prs1)s Tiaads <<. 


can be plotted in the 7-plane, and if the points lie on a 
smooth line in the p-plane a smooth line will result in 
the 7-plane, as in Fig. 2b. If a second set of points 
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Pss P(ss1)s P(ss2), . . . is taken in the p-plane adjacent to 
the previous values, a further series of values 7(p,), 
eal T(Ps.1), T(Psx2), . . . Will be obtained in the 7-plane 
‘on adjacent to the original set. 
Da If the point in the p-plane moves round a path s, in the 
the p-plane (Fig. 3), the tip of the 7 vector will traverse a 
1b. path s; in the 7-plane which will generally be of different 
4 p-plane T-plane 
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i O° pee 
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ond- 
les Fig. 3 Relation between paths in p- and T-planes 
om- shape from s,. If however the path in the p-plane becomes 
ngle very small s,, the exact shape of s, will be reproduced 
oved in the 7-plane by s, except that the orientation and size 
ents may be different. The relation between the two planes is a 
ward conformal transformation. 
iting 
ctual Application to a system 
plane In stability investigations, whatever actual method is 
being used, interest centres on values of p which satisfy 
locus the relation KG(p) = —1, since these values give the 
ystem poles of the closed-loop transfer 
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9o(p)/8(p) = KG(p)/[l + KG(p)] 
and hence the system’s natural modes. 


Initially, consider a system with three time constants 
in the forward path, having a transfer 


KG(p) = K,/(pr, + (pt, + 1 pts + 1) 


giving three poles on the negative real axis in the p-plane, 
with 180° lines crossing the imaginary axis at w, as in 
Fig. 4a. 


p-plane 








180° line 
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+ Positive imaginary 
axis in p-plane 


Fig. 4 Relation between p-plane plot and frequency-response 

plot in KG-plane 

If values of p = jw along the imaginary axis are con- 
sidered, corresponding KG(jw) values or the normal 
open-loop frequency response are obtained, and may be 
plotted in magnitude and phase form in an associated 
KG-plane. For a general frequency value w, the value 
KG(jw) is obtained from the p-plane pattern as 


tS ae 1 
AP = Tilers (saa, 


LG(jw) = —(0, + 9 + 93) = —¢ 


From inspection of the pattern in the p-plane the general 
form of the KG-plane path will be as in Fig. 4b with 
Z G(jw) changing from 0 - —32/2 accompanied by a 
continuous decrease in magnitude. In particular since 
at p = +jo, 


Z G(ju,) = 180° 


the corresponding point will lie on the negative real axis 
in the KG-plane. The general path obtained in the KG- 
plane will be the transformation of the imaginary axis 
in the p-plane, and if negative values of w are considered 
a mirror image path will be obtained in the KG-plane. 

If in the vicinity of w, in the p-plane additional paths 
forming the normal a,w co-ordinate network in the 
plane are transformed into a network in the KG-plane, 
the general form will be as in Fig. 5. 


p-plane 









Fig. 5 Transformation into the KG-plane (b), of the region in the 
p-plane (a), where a 180° line cuts the positive imaginary axis 
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If K, is altered from an initial value this will not change 
the form of the network in the KG-plane, but merely 
increase or decrease the size of the net since / G(p) is 
unaffected by variation of gain K,. 

Points along the 180° lines in the p-plane are those for 
which / G(p) = 180°, and hence lie along the negative 
real axis in the KG-plane, so that the succession of points 
in Fig. 5 


Po = —% + jwo, Pi = 9 + joy, Pz = a2 + jor 


would be located on the negative real axis in the KG-plane 
with p, nearest to the origin since |KG(p)| decreases as 
the 180° line in the p-plane is traversed to infinity. 


System stability 

If the present three-time-constant system is considered 
with the loop gain adjusted so that a closed-loop pole 
is obtained at p, in Fig. 5a, then KG(p,)) = —1 and the 
point py will be located at —1 on the negative real axis 
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in the KG-plane (as in Fig. 6a), and the transformation of 
the imaginary axis in the p-plane will pass below this 
point. 

If the value of K is increased, the closed-loop pole 
could move to the imaginary axis at p,, corresponding to 
an oscillatory system, and since the plot on the KG-plane 
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will also increase in size, the point p = jw, on the trans- 
formed imaginary axis is now located at —1 in the KG- 
plane, as in Fig. 6b. Finally, if the value of gain is further 
increased the closed-loop pole moves into the right half 
plane, to (say) p., and this point will now lie at the —1 
point in the KG-plane. 

These results show that the position of the closed-loop 
poles relative to the imaginary axis, which forms the 
p-plane stability criterion, is in the KG-plane the relation 
between the transformed imaginary axis from the p- 
plane and the —1 point in the KG-plane. Since the trans- 
formed imaginary axis in the KG-plane is a plot of the 
open-loop frequency response the stability criterion in 
this plane is the normal Nyquist criterion depending 
on enclosure of the —1 point (2). 


M-circles 
In addition to a criterion for stability or instability, some 
measure of adequately damped transient response is 
required, which in the p-plane is obtained by positioning 
the closed-loop poles sufficiently far from the imaginary 
axis. In the KG-plane this requires that the transformed 
imaginary axis or frequency response clear the —1 point 
by some appropriate margin, this being determined by the 
use of M-circles (3). 

These circles represent all possible combinations of the 
two magnitudes, |KG(p)| and |1 + KG(p)|, which can be 
obtained in the KG-plane with a fixed ratio M given by 


|KG(p)|/|1 + KG(p)| = M = |@/@,(p)| 


which gives the magnitude of the closed-loop transfer. 
The form of the circle for M = 1-3 is shown in Fig. 7a. 
For increasing values of gain K,, K,, Ks, the plotted 
open-loop frequency response in the KG-plane might be 
related to the circle as in Fig. 7b, and K, represents the 
limiting gain for that frequency response which will give 
an acceptable transient response, since the locus touches 
the circle at wy. 

If the complete a,w net that could be developed out- 
wards from the transformed imaginary axis is considered, 
the M-circle defines a continuous relation between a,w 
and hence a continuous series of complex frequencies for 
which the closed-loop response is 1-3, which in the 
p-plane becomes the constant-magnitude line of value M 
for the closed-loop pattern. The frequency response 
criterion in the KG-plane corresponds to the fact that the 
constant-magnitude line of value M touches the imagin- 
ary axis in the p-plane. This situation ensures that the 
actual poles are sufficiently removed from the imaginary 
axis. The general form of the 1-3 constant-magnitude line 
for different closed-loop pole positions is indicated in 
Fig. 7c for the upper half plane only. 

In addition to the conjugate closed-loop poles there is 
a third pole on the negative real axis. This pole is not 
evident from the frequency response criterion, and al- 
though it would not significantly affect the transient 
response of the system, the root locus method does draw 
attention to its presence. To be continued 
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Semiconductor developments 


New devices discussed at international symposium in France 


by S$. HANDEL A.M.LE.E. 


THE INTERNATIONAL SYMPOSIUM ON 
Semiconductor Devices which took 
place in the Unesco building in Paris 
from 20-25 February, brought to- 
gether over 1000 of the world’s lead- 
ing workers in the semiconductor 
field. The French physicist, Louis de 
Broglie, who presided, sketched the 
broad theoretical background to the 
art, and about 150 papers were read. 


Reliability 

Many of the papers discussed the 
remarkable rate of improvement in 
design, performance, range and re- 
liability of ‘conventional’ semicon- 
ductor devices. Thus, C. G. Thornton 
of Philco, U.S.A., described how the 
measurement and control of electrical 
properties at each step in the manu- 
facture of germanium micro-alloy 
diffused transistors resulted in the pro- 
duction of low-cost, very high 
frequency switching transistors, with a 
failure rate of less than 0°1% per 1000 
hours at 125°C—a value which may 
be extrapolated to a figure of better 
than 0°001% at 60°C. W. A. Adcock 


of Texas Instruments, R. Brewer of - 


GE.C. Research, and J. M. Groocock 
of Standard Telephones, read papers 
dealing with extensive reliability 
studies and with data accumulated 
from routine manufacturing tests 
which showed how the relation be- 
tween reliability and temperature, 
humidity, and electrical stress can be 
established. G. H. Zierdt of General 
Electric, U.S.A., made the point that 
dramatic improvements in the results 
of storage tests meant that such tests 
no longer yield the maximum informa- 
tion, and they have now been replaced 
by comprehensive operating tests. 


Improved s.c.r.s 


Recent improvements in silicon con- 
trolled rectifiers were featured in 
several papers. J. Lecorguiller of 
Compagnie Francaise §Thomson- 
Houston reviewed some of the ad- 
vantages obtained with these devices 
over thyratrons, and other types of 
rectifier, in d.c.-to-a.c. inverters and 
dec.-to-d.c. converters. The elimina- 
tion of cathode-heating circuits allows 
a large amplification, and the much 
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shorter rise and de-ionization times of 
the solid-state device leads to increased 
reliability. A. C. Stumpe of A.E.G., 
Frankfurt, described a practical in- 
verter, with auxiliary circuits for turn- 
ing off the silicon controlled rectifier, 
which delivered output powers up to 
2kW from a 100-V 250-c/s supply 
with better than 80% efficiency. A. E. 
Jackets of G.E.C., Wembley, gave 
details of a circuit employing Zener 
diodes, transistors, and silicon control- 
led rectifiers, which can break current 
from a supply in a few microseconds. 

Improvements in design and per- 
formance have led to improved 
devices including: a germanium mesa 
transistor with fmax of 500 Mc/s and 
dissipated power of about 500 mW; 
a double-diffused silicon transistor 
with alpha cut-off of 20 Mc/s and a 
maximum current of 3 to 5 A; an 
alloy-diffused voltage-reference silicon 
diode with short-term stability ten 
times better than conventional types, 
and a temperature coefficient of less 
than 0°01% per degree C. 


New devices 


More than a dozen papers dealt with 
the theory, design, and fabrication of 
tunnel diodes. W. Cady of General 
Electric, U.S.A., described germanium 
and gallium-arsenide tunnel diodes, in 
current production, which operated in 
the kilo-megacycle range with switch- 
ing times in the milli-microsecond 
range. Dr Amer and Dr Fulop of 
Standard Telecommunication Labora- 
tories compared the results obtained 
from an experimental tunnel diode 
having three ohmic contacts, with a 
theoretical analysis, and pointed out 
that, while the tunnel diode already 
shows great promise in fast computer 
applications, its versatility would be 
enhanced by adding a third terminal. 
A research team from Siemens and 
Schuckert described a gallium-arsenide 
tunnel diode with peak currents of 
several amperes and peak-to-valley 
current ratios up to 50:1. G. B. Henry 
of R.C.A. Laboratories said that a 
clock rate of 1 kMc/s is now feasible. 

A surprising number of papers dealt 
with new solid-state devices of various 
different geometries based on the field 


effect. Of these, the Tecnetron, a 
unipolar field effect device using cen- 
tripetal striction, is already in produc- 
tion in France. The Tecnetron is a 
relatively high impedance device in 
contrast to the low impedance junction 
transistor. Unipolar devices have pos- 
sible applications in the instrumenta- 
tion and control of nuclear plant and 
satellites since they are much less 
affected by high-intensity radiation 
than bipolar devices. 

Interesting new devices making their 
debut at the symposium included: 
experimental gallium-arsenide bipolar 
transistors, from Texas Instruments, 
with fast switching applications at 
temperatures as high as 350°C and 
with leakage currents as low as 10-° 
amperes; combinations of tunnel 
diodes and transistors in one device 
from Standard Elektrik Lorenz; a 
three-terminal variable capacitance 
semiconductor device described by 
L. J. Giacoletto of the Ford Motor 
Co.; silicon solar cells providing piles 
of up to 15% efficiency, and thermo- 
piles based on silver and antimony 
tellurides having useful properties up 
to 500°C; electroluminescent cells of 
high efficiency, suitable for use in logic 
circuits and memory systems; and 
semiconductor disks and plates whose 
resistance increases by large factors 
in the presence of magnetic fields. 


Micro-electronics 


A glimpse into the future was provided 
by papers on ‘ solid-state circuits’ and 
* microminiature circuits’. A. P. Stern 
of the General Electric Co., Syracuse, 
pointed out that, besides small size 
and weight, the objectives of micro- 
electronics include: increased reliabil- 
ity and speed of operation, and re- 
duced power dissipation, cost, and lag 
between design and _ production. 
Analyses of these requirements were 
used to establish practical values of 
component packing density which con- 
trasted with some recent exaggerated 
claims. A. E. Brewster of Standard 
Telecommunication Laboratories said 
that the chosen active elements for 
solid circuits without wires or solder- 
ing tags, or separate encapsulation of 
individual components, should be tiny, 
robust, cheap, immune to surface 
effect, of low power consumption, and 
amenable to mass production. He 
outlined a gradual approach to com- 
plex solid-state tunnel-diode circuits 
starting with an elementary tunnel 
diode pair assembled as a three- 
terminal device. A team of Japanese 
workers from Tohoku University 
described semiconductor diodes and 
triodes designed as impedance and ad- 
mittance multipliers and inverters. 
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-.-to FLOW 


Electro pneumatic valve-positioner 
using magnetic feedback 

Control valves for use with electrical 
systems usually incorporate some form 
of energy conversion, the power which 
operates the valve being derived from 
a source of pressurized fluid. (AIl- 
electric operation is not generally used 
because of the difficulty of combining 
adequate power with satisfactory 
speed of response.) The conversion 


Fig. 1.1 Schematic 
diagram of valve- 
positioner using 
magnetic feedback  Supply> 
device. The flapper 
F is held in equili- 
brium by the spring 
S and the magnetic 
force acting on C. 
The latter depends 
on the current in the 
coil E and the air- 


gap betweenAandD 02.-C.control 
signal 


from an electrical signal to fluid power 
necessarily involves complication. A 
valve-positioning system recently in- 
troduced by British Arca Regulators 
uses an unusual type of magnetic 
feedback, and appears to be less com- 
plex than most other designs. 

The principle of operation of this 
positioner can be seen from Fig. 1.1. 
The armature A, in the form of rod 
tapered at one end, is rigidly attached 
to the stem of the valve. This arma- 
ture passes through clearance holes 
in the stationary iron plates B and D, 


and through the control coil E. 
Attached to plate B by a flexible 
metal strip H is another iron plate C, 
which is separated from the plate D 
by a small air-gap. The plates B, C, 
and D, and the portion of A between 
B and D, form a magnetic circuit, 
energized by the current in the control 
coil E. The reluctance of this magnetic 
circuit is determined mainly by the 
air-gap between A and D. (The air- 
gaps between A and B, and between 
C and D, are only a few thousandths 






of an inch; the diametral clearance 
between A and D varies from a few 
thousandths of an inch to about tin, 
depending on the position of the valve 
stem.) 

The flapper F and the nozzle N 
operate in a conventional manner, the 


A monthly review—under basic headings—of the latest control 
engineering developments for all industries; especially edited for busy 
technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 


air supply to N being restricted, and 
the nozzle feedback pressure being 
used to operate an air relay supplying 
the diaphragm chamber of the control 
valve. Under equilibrium conditions, 
F is held in the required position 
relative to N by the magnetic force 
acting on C, and by the force exerted 
by the spring S, F being rigidly attach- 
ed to C. Any change in the control 
signal fed to E alters the magnetic 
force acting on C, and hence alters 
the clearance between flapper and 
nozzle. Thus an increase in the con- 
trol signal produces an_ increased 
pressure in the nozzle line, and a con- 
sequent increase in the pressure in the 
valve diaphragm chamber. In the 
arrangement shown, this moves the 
valve stem towards the ‘ closed’ posi- 
tion, and increases the air-gap between 
A and D. The magnetic force on C 
is therefore reduced, and a new equi- 
librium position is established in which 
the pressure on the valve diaphragm 
just balances the force of the valve 
return-spring, plus any forces exerted 
on the valve by the fluid being con- 
trolled. 

As with other flapper-nozzle com- 
binations, the whole range of feed- 
back pressures corresponds to a 
change in the clearance between F and 
N of the order of O00lin. Conse- 
quently, for the complete range of 
positions of the valve stem and feed- 
back device, the equilibrium position 
of C relative to D changes by only a 
few ten-thousandths of an inch. The 
nature of the feedback is thus 
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governed almost entirely by the profile 
of the upper part of the armature A, 
and this can be designed to give linear 
or non-linear response as required. 

An interesting feature of this design 
is that it does not involve the conver- 
sion of an electrical control signal to 
a corresponding air signal. A very 
small change in the input signal pro- 
duces full operating power—it is 
claimeu that a deviation of 1% in 
either control-current or valve-posi- 
tion will cause maximum air-pressure 
to be applied. 

The ‘zero’ and range of valve 
movement for a given d.c. input range 
are determined by the position of core 
A relative to the valve stem, and by 
the air-gap between D and C. These 
are adjustable, so that the working 
travel of the stem can be located as 
required within the stroke of the valve. 


.-- to CONDUCTIVITY 


Measurement by three-terminal 
transformer ratio-arm bridge 
V. S. GRIFFITHS, Battersea College of Technology 


The measurement of the conductance of 
liquids, whether using conventional 
electrodes or a non-contact system, is 
often complicated by errors caused by 
‘shunt’ losses due to the capacitance 
of connecting leads and to stray imped- 
ances. For example, a length of coaxial 


cable may form a large shunt capacitor _ 


in parallel with a small-capacitance 
electrode system. The effects of these 


: 


eR L 


N 


Fig. 2.1 Basic three-terminal network: 
Zen and Zin are the cable impedances, 
which are connected to the neutral N 
shunt losses may be eliminated by the 
use of the three-terminal network 
described below. In this system, the 
Shunt losses are isolated from the 
measurement terminals by means of a 
guard, or neutral, electrode to which the 
screens of the cables are connected. 


Principle of three terminal bridge 
Figure 2.1 shows the basic circuit of a 
three terminal network. Z, is the imped- 
ance to be measured. Zen and Zin are 
the cable impedances, which are 
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Voltage Current 
transformer 


Fig. 2.2 Three-ter- 
minal network con- 
nected to bridge for 
comparing the un- 
known impedance 
Zu with the standard 
impedance Zs. A and 
D are an amplifier 
and detector, respec- 
tively, for detecting 
thebalancecondition 


Ris “. ~ 


connected to the neutral, and conse- 
quently removed from the measurement. 
The neutral terminal can also be used to 
remove insulation leakage, or to form a 
defined electric field without ‘ fringing ’ 
lines. Fig 2.2 shows the network applied 
to the bridge. The voltage transformer 
provides two ratio-arms with a turns 
ratio 7,/T,, providing voltages E, and 
E, (in opposite phase) to Z, and Z,, the 
unknown and standard impedances. 
The transformer is energized by a 
1000c/s oscillator and is constructed 
with a magnetic shield, so that stray 
fields will have no effect on the measure- 
ment. The resultant currents /, and /, are 
balanced by adjusting Z, to give zero 
voltage at the detector. There will then 
be zero core-flux in the current trans- 
former and 


N, -1,=N, -. 1, (1) 


Under the conditions of zero core- 
flux there is zero voltage across the 
current-transformer windings, and the 
connexions to Z,, and Z, on the current- 
transformer side are at neutral potential. 
Hence the voltage across Z, is E, and 
that across Z, is E,, so that 


I, = E/Z. (2) 
I,= E/Z, (3) 

From (1), (2) and (3) 
N,E,/Z. = Ne2E,/Z, (4) 


The voltage ratio E,,/E, equals the turns 
ratio T,/T,so that equation (4) becomes. 


Z, = N,T, . Z,/N2T2 (5) 


The two turns-ratios may each be 
1000 : 1, leading to an overall ratio of 
1 +t, 

At balance, neither Zw nor Zen ap- 
pears in the equation. Further, Zr has 
no voltage across it and therefore draws 
no current. Off balance, the effect is to 
lower the sensitivity by lowering the 
detector input-impedance, a factor which 
may be overcome by increasing the 
gain. The impedance Zen loads the 
source, and by drawing current through 
the source impedance reduces the 






transformer 





applied voltage E,. The measurement, 
however, depends on the ratio E,/E, 
and not on the absolute voltage. In an 
ideal transformer this ratio is constant, 
equal to the turns ratio, and a shunt on 
one winding reduces the voltages on 
all the windings by the same proportion. 
In practice the transformers are not 
ideal, and shunt errors will arise. Care- 
ful construction can reduce the errors 
to negligible proportions, and in any 
event the effects can be compensated for. 

In practice the unknown is often a 
complex impedance. Fig. 2.3 shows the 
bridge where the standard and unknown 
impedances have been divided into 





Fig. 2.3 Bridge circuit with impedances 
split into their reactive and * conductive’ 
(i.e. resistive) components 


Voltage 
transformer 






Current 
transformer 


Fig. 2.4 Arrangement using transformers 
linked by a liquid circuit 

reactive components (X )and ‘conductive’ 

(or resistive) components (G). Equation 

(5) can be rewritten in terms of con- 

ductances: 


G, = (G,T,) . N./T,M, (6) 

If (G,T,) is regarded as the standard, 
then either the conductance may be 
fixed and the number of turns varied, or 
the number of turns fixed and the 
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conductance varied. In practice a 
combination is used, requiring the use 
of one standard conductance per 


Concentration of component A 






Concentration of 
component B 


Density 


9 
o 
= 


Conductivity 


Fig. 2.5 ‘Carpet’ diagram obtained by 
measuring conductivity and density sim- 
ultaneously 
decade. Similar arguments can be 
advanced for the reactive components. 


Determination of conductance 

A bridge is thus available which is 
capable of measuring either conduct- 
ances or capacitances of systems remote 
from the actual bridge, since the capaci- 
tance of long leads and spurious 
impedances connected to the measuring 
terminals are eliminated. 

Using conventional dip-type electrode 
conductivity cells, results comparable 
with those from Wheatstone bridges 
have been obtained. However, the use 
of conventional dipping electrode 
systems is accompanied by a number 
of practical difficulties, many of which 
are associated with the electrodes, 
e.g. polarization, absorption, fouling, 
etc. It has been found that the three- 
terminal bridge permits the use of non- 
contacting electrode systems. Consider 
equation (6) where 7, and N, are made 
single turns, then 


G. = N,TG, 


The physical nature of the windings is 
unimportant, and there is no reason 
E I 





Fig. 2.6 ‘In-line’ arrangement using 


screened electrodes 
why the transformers should not be 
linked by a closed annulus of electrolytic 
solution contained within a glass tube. 
Thus the arrangement shown in Fig. 2.4 
may be used ; the transformers are wound 
upon high-permeability, | Mumetal, 
toroidal cores and are linked by means 





of a glass-loop cell. The transformers 
are normally moulded into an insulat- 
ing resin, and where the electrolyte is 
inert with respect to the moulding, the 
probe may be immersed directly in the 
test solution, provided the container is 
large in comparison with the probe. This 
type of unit has been used to determine 
the conductivity of a variety of solutions 
and has been found to be particularly 
suited to concentrated solutions, both in 
Static and in flow systems. 

Recently it has been found possible to 
seal the transformers into a glass 
envelope; this has greatly extended the 
usefulness of the probe. An interesting 
application has been the simultaneous 
determination of the conductance and 
density of a two-component aqueous 
solution; conductance is measured by 
this technique, and density by a float 
technique. A calibration ‘carpet’ diagram 
allows both components to be deter- 
mined (Fig. 2.5). 

Attempts have also been made to 
measure conductivity with an ‘ in-line’ 
technique (Fig. 2.6) and it is found that 
this electrode system works satisfactorily 
for poorly conductive solutions. The 
voltage and current electrodes, E and /, 
are copper strips wrapped round the 
tube; the neutral electrode overlaps 
the working electrodes, the electrodes 
being separated by insulating material. 
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...to ANALYSIS 


Continuous measurement of concen- 
tration in a two-component gas-stream 


A method of continuously measuring 
the ratio of the components in a mixture 
of two gases has been developed by 
Monsanto Chemicals, using equipment 
originally designed for gas chromato- 
graphy. The system is based on a ‘ gas- 
density balance’ manufactured by 
Griffin & George, who are now 
arranging to supply the complete equip- 
ment for the new application. 

The gas-density balance, in _ its 
standard application in gas chromato- 
graphy, is used to detect the presence 
of various components of a gas mixture 
in a stream of ‘carrier’ gas. (The 
components are first separated from 
one another by passing a sample of the 
mixture through a chromatograph 
column; this column has the effect of 
delaying each component by a time 


Mixture 


which is characteristic of the com- 
ponent, thus allowing it to be identified.) 
The gas-density balance detects the 
presence of the components by com- 
paring the density of the gas passed 
through the column with that of the pure 
carrier gas. As the density of a two- 
component gas mixture is directly 
related to its composition, this equip- 
ment is suitable for the analysis of such 
a mixture, provided that a pure supply 
of the major component is also 
available. 

The principle of the gas-density 
balance, originally developed by Martin 
(1), may be seen from Fig. 3.1. A sample 
of the gas mixture enters at A, divides 
into two streams, following the paths 
ABED and ACFD respectively. A 






sample 


Q 


Fig. 3.1 Schematic diagram of the Martin 
gas-density balance 


oe eee 
eter A = (9) 

Fig. 3.2 Arrangement of the anemometer 
sample of the ‘ reference’ gas (i.e. the 
major component) enters at G, divides, 
and follows the paths GHLFD or 
GJKED. The balance is set up using 
reference gas in both sides, the 
adjustable rods N and P (which vary the 
resistances of the corresponding gas 
passages) being positioned so that the 
alternative paths for the sample gas are 
of equal resistance. Similarly, Q and S 
are adjusted to provide paths of equal 
resistance for the reference gas. When 
the equipment is thus balanced, and 
gases of equal density are being intro- 
duced, there is no flow through the 
anemometer M. If the gases are of 
different densities, a pressure difference 
exists between L and K, and there is a 
flow of gas through M. 

That this must be so may be seen more 
easily by regarding the system as being 
static. (This is, in fact, a fair approxima- 
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tion as the gas-flows are very small.) 
If, in the static condition, it were 
possible for the portion EBCF of the 
apparatus to be filled with a gas heavier 
than that in the remaining gas-paths, 
the pressure at L would exceed that at 
K; this becomes apparent if the pressure 
differences round the path LPCBNK 
are considered. While this is a simplifica- 
tion of the true situation, a similar 
effect is observed under running 
conditions. 

The anemometer M (Fig. 3.2) com- 
prises two thermocouples in series, and a 
heater, placed asymmetrically in a 
circular chamber. The output from the 
thermocouples, which depends on the 
cooling effect of the gas flowing past 
them, varies approximately linearly 
with density-difference, up to a 
value of about O01 g/l. The gas 
mixture ratio (i.e. density-differential) is 
recorded on a strip-chart potentiometer. 
Minimum scale range depends on the 
molecular weight of the gas, but can be 
as little as 15 x 10-*g/l, if an amplifier 
is used before the recorder. 

The gas-density balance is made in 
the form of a copper block in which the 
gas passages are drilled. This is housed 
in a temperature-controlled cabinet, 
which must be kept at a sufficiently high 
temperature to ensure that both com- 
ponents remain in the vapour state. 
Pressure regulators are provided on 
both sample and reference inputs. 

A significant point in this design is 


that the sample gas does not pass 


through the anemometer. Thus the 
output from the anemometer does not 
depend on the heat conductivity of the 
component being measured. 
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-+- to TRANSHISSION 





Electrical-pulse system for process 
variables 


A range of measuring and control 
equipment, designed by Officine 
Guardigli of Milan and now being 
produced in this country by R. B. Pullin, 
uses a signal transmission system which 
is claimed to avoid many of the dis- 
advantages of both pneumatic and 
electronic systems. Basically, the method 
used is‘to convert the variable to be 
measured into a mechanical torque; 
any change in this torque operates an 
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Fig. 4.1 Schematic 
diagram of pulse 
transmission system. 
Changes in the input 
torque on the shaft 
S$, are converted to 
proportional num- 
bers of electrical 
pulses on the output 
lines D, E, and F 


electrical-pulse-generating device, the 
number of pulses being proportional to 
the input change. The pulse output is 
used to operate receiving instruments 
based on stepping-motors. 

The principle of operation of the 
torque-to-pulse converter may be seen 
from Fig. 4.1. Under steady conditions, 
the input torque in the shaft S, is 
balanced by the tensions in the springs 
T, and T,, so that the contact A touches 
neither of the contacts C,, C,. A change 
in the input temporarily displaces A to 
make contact with either C, or C., so 
energizing the appropriate  uni- 
directional synchronous motor (M, or 
M.,). The resulting rotation of the shaft 
S, drives, via a gear-box, the cams 
K,, K, and K,. The synchronous motors 
also drive the cam K, which adjusts the 
tension in 7, and T, until the contacts 
are opened, thus cutting off the motor 
supply. 

Several different measuring devices 
may be used to produce the input 
torque. For differential pressure, a 
mercury-filled H-shaped tube is used, 
working on a principle similar to that 
of the conventional ring-balance meter; 
for pressure, Bourdon tubes, bellows 
or diaphragms; for temperature, 
Bourdon tubes operating from mercury- 
in-steel or gas-filled thermometers. 
When the torque produced is not 
proportional to the measured variable, 
as when using differential-pressure 
measurements to represent flow, linear- 
ization is effected by using the appropri- 
ate profile on the cam K. 

The output from the converter, when 
the shaft S, is rotating, consists of 
sequential pulses (with overlap) on the 
lines D, E and F. These are rectified and 
fed to the receiver stepping-motor shown 
diagrammatically in Fig. 4.2. In the 
position shown, the stator pole P, is 
being energized. P; is next energized, 
before the supply to P, is cut off, so that 
the rotor moves to a position such that 
R, and R, are positioned symmetrically 
between P, and P;. Next P, is de- 
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energized, so that R, moves fully under 
P;. Then P, is energized, and so on, 
so that a rotor pole takes eight steps in 
moving from one stator pole to the next. 
Full-scale movement on the circular 
indicators used with this system is 270°. 
This corresponds to 327 steps of the 
the receiver motor; i.e. resolution is 
approximately 03° of the full-scale 
reading. 

The standard control system used with 
this equipment employs hydraulically- 
operated valves driven by reversible 
electrohydraulic motors which are actu- 
ated only when valve movement is 
required. ‘ Floating’ control is norm- 
ally used, i.e. the valve moves at con- 
stant speed in the appropriate direction 
until the deviation is cancelled. The 
speed can be preset within the range of 
12s to 20min for full valve-movement 
in either direction. The initial control 
signal is obtained from a contact system 
similar to that used in the transmitter, 
without the force-balance feedback 
arrangement. 

Advantages claimed for the Guardigli 
equipment are: (1) that the use of a 


ia 





Fig. 4.2 Arrangement of stator poles 
relative to rotor poles 


relatively high-level electrical-pulse 
transmission avoids troubles caused by 
pick-up and signal attenuation; (2) no 
specially stabilized supplies are re- 
quired; (3) most servicing can be done 
by electricians without. special instru- 
ment training; (4) many standard parts 
are used; e.g. the receiving equipment, 
which is extremely simple, is identical, 
apart from scale markings, for all 
variables. 






























































P. ick-of f by ‘ UNCONTROLLED’ 


HERE ARE QUITE a few engineers 
| who feel about cybernetics much 
as the late and unlamented Goer- 
ing said he felt about culture—at the 
mention of it they reach for their re- 
volvers. I was accordingly surprised that 
this subject was chosen for an informal 
discussion at the Institution of Mechani- 
cal Engineers last month, and I went 
along hoping for either fireworks or 
illumination. In fact, the meeting turned 
mainly on the human operator and what 
he can do. Many delegates argued that 
the show had been wrongly billed, and 
should have been entitled ‘ergonomics ’, 
but the answer was that, like * automa- 
tion ’, ‘ cybernetics ’ means all things to 
all men. Also, since it derives from the 
Greek for steersman (kubernetes), it 
could be thought to deal with the human 
being in the control situation. 

I was delighted to hear Landon Good- 
man in crackling form at this meeting. 
When discussion flagged he revived it 
with wit, and when it soared too high he 
persuaded it smoothly back to earth. 
Toward the end he asked the assembly 
if they knew any examples of the indus- 
trial application of Namur-type cyber- 
netics, and of course no one could take 
up the challenge. 


XFORD UNIVERSITY'S Depart- 
Oe of Education is trying to 

find out why fewer students 
choose technological qualification in 
this country than in the U.S.A. and 
U.S.S.R. The Department will take 
two years and a £2500 grant to com- 
plete its study. The grant comes 
from the Capitol Radio Engineering 
Institute of Washington D.C. (oddly 
enough), and it will enable the in- 
vestigators to analyse  sixth-form 
abilities and ambitions. I understand 
that the Department will assess 
existing mechanical aptitudes of gram- 
mar schoolchildren and compare the 
technological sectors of British cur- 
ricula with their American and 
Swedish counterparts. This is obvious- 
ly a job worth doing, and I for one 
shall be most interested in the results. 
What a pity that it must take two 
years to get them! A start was made 
a few weeks ago with a colloquium 


at Missenden Abbey, led by Mr 
A. D. C. Peterson who is directing 
the investigation. Professor M. W. 
Thring of Sheffield University was 
among the speakers, and he charged 
British industry with being the most 
stick-in-the-mud in the world in its 
attitude to scientists and technologists. 
As an example of this backwardness 
he pointed to the absence of scientists 
from boards of directors. He also 
made the now customary complaint 
that only accountants and financiers 
find their way to ‘success’. I think 
Professor Thring is right, both about 
our stuckedness-in-the-mud and the 
pathways to success, but on the 
second point we should have to be 
very precise about our meanings. An 
engineer may find plenty of an entire- 
ly different kind of ‘success’ and 
never come within sniffing distance of 
a board of directors. 


month’s demonstration of closed- 

circuit televisual teaching at Barn- 
hill Secondary Modern School, which 
has been microwave-linked to Hayes 
Grammar School two miles away. The 
present installation (by High Defini- 
tion Television Ltd, a Pye subsidiary) 
is used for science lessons only, but 
it could be applied with varying 
advantage to almost any subject. As 
sometimes happens with mechaniza- 
tion and automation, however, it will 
by no means cut down the number of 
staff. A teacher must still stand by at 
the receiving end to keep order and 
encourage active interest (a micro- 
phone with a two-foot parabolic dish 
is aimed at pupils with questions to 
ask, and a Post Office telephone cir- 
cuit does the rest). I was struck by 
the amount of extra work put on the 
teacher. He must prepare his lesson 
and all his apparatus down to the 
very smallest detail, for even a 27-inch 
screen is not big enough to give him 
the latitude he is used to. He has in 
fact to give a television performance 
for which he has written the script, 
built the scenery, stage-managed the 
effects, rehearsed the cast, and in 
which he plays the leading role. 


[ WAS MOST IMPRESSED by last 





Almost incidentally, he is expected 
also to discipline and interest his 
classes and cope with their unscripted 
questions. Yet this may still be the 
saving of his kind, for the nation is 
obviously more willing to pay 
television performers than school- 
teachers. 


ECHNOLOGICAL EDUCATION for 
quite a_ different age-group 
came up for discussion at the 
Royal Aeronautical Society on 16 
March. There was a lively meeting 
on the training of ‘guided missiles 
engineers’, and it became quite a 
tussle between contenders from the 
Ministry of Aviation, the armed ser- 
vices, industry, and schools and col- 
leges. Speakers from industry seemed 
to be demanding the trained genius, 
but said they could not afford the 
time to let him be trained. Service- 
men spoke of their special ‘user’ prob- 
lems and added that they could very 
effectively train their own personnel, 
thank you. The Ministry viewpoint 
was that costly development troubles 
were arising because no one would 
pay to train people. Cranfield 
emerged as the only institution pro- 
viding a fully-fledged civilian course, 
and this was taken solely by foreign 
students because no British ones 
came. Nobody tried to define a 
‘guided missiles engineer’ during all 
this, though everybody thought the 
breed could be trained. Systems 
engineers, on the other hand, were 
considered to be manifestations of 
natural growth, not to be fashioned 
by training. Summing up, the chair- 
man said he would see that something 
was done about all this. I wish him 
luck. 


PERATORS SOMETIMES get the 
Or of their jobs by the sort 

of roundabout means that gradu- 
ates might not tumble to. I heard a rather 
pleasant story recently of the technique 
used by certain process workers at high- 
explosive plants. Apparently the nitro- 
glycerine fumes do something to brain 
cells, and the result is a splitting head- 
ache. Men in the works become ‘ accli- 
matized ’ and remain immune as long 
as they are continuously on duty, but 
a short holiday is enough to remove the 
resistance they have built up. For three 
days after each break they must suffer 
acutely. Their elegant solution to this 
problem is to carry a little bit of n.-g. in 
their cap-bands when on_ holiday. 
Newcomers to the job get advice which 
is a neatly twisted version of a well- 
known advertising slogan: if you don’t 
want to get a head, get a hat. 
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from transient response 


In this data sheet a procedure is outlined 
whereby the time constants of a position 
control system can be determined from 
the closed-loop transient response, 
providing it is possible to adjust the 
controller gain so that the system 
executes a steady-state sustained linear 
oscillation. The method is applicable to 
systems characterized by open-loop 
transfer functions of the type 


Pee. Stas (1) 
6 pip + al[p + 5) 


where K is the controller gain, a and b 
being the inverse time constants. 
Higher-order systems can be analysed 
by an extension of the technique to be 
described. 


Method 
With the system on closed loop, the 
controller gain is set so that the output 
position executes simple harmonic 
motion (s.h.m.) in response to a small 
input step. The linearity of operation 
may be assessed, if desired, by observing 
the variation of output wave-form and 
frequency for various magnitudes of the 
input step. 

The error transient is recorded, with 
several cycles of the ensuing steady-state 
oscillation, from which the periodic 
time T and hence the angular frequency 
w == 2n/T are determined. The steady- 
state sine wave is projected back to the 
origin and subtracted ordinate by 
ordinate from the error wave-form, 
thereby isolating the decaying transient 
term, as indicated in the figure. The 
isolated transient has a single time 
constant 7,, which is determined in the 
usual manner by drawing the tangent 
from the origin and determining the 
time at which the tangent line cuts the 
time axis. The time constants 1/a and 
1/b are then given by 


a= [I + /1— Quy] (2) 


where the use of the positive root 
gives a = a and the negative root gives 


Determination of time constants 


Graphical techniques for control systems -8 


N. G. MEADOWS 
Wimbledon Technical College 


a=. Hence the time constants are 
determined from measured values of 


T, and w. 
Theory 
Since the closed-loop transfer function 
is 
6 1 
0, 1+ 6/0 


then, using equation (1) 
ey pip + al[p + 5) 


— (3 
6 pr [a+ lp +abp+K ) 
For gain K set to give the s.h.m. condi- 
tion, the denominator must contain a 
term of the form (p? + w*) where w is as 
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the appropriate partial fractions. As 
the transient Pe-At has been isolated 
graphically then A = (a + 5) is known, 
as also is the product ab, since w is 
known. 
Hence 


1/T,;=a+ b (7) 
and in using equation (6) the equation 
1/7, = a+ w/a 


is obtained. Solving this as a quadratic 
in a yields 


ae 7 (1 , J — Qu] 


which is equation (2) with a replacing a. 
It is easily verified that the positive 








Steady state 
— sinusoidal 
oscillation 


Graphical method for isolation of transient 


previously defined. If (p+ A) is the 
third factor of the cubic in the denomin- 
ator of equation (3) then 


[p + A}[p? + w*] = (4) 
p® + [a + dlp + abp + K 


Equating coefficients gives 
A=a+b (5) 
w*? = ab (6) 


The time response (@), to a step input 
is of the form 


(0), = Pe~At + R sin (wt + 4) 


where P, R and ¢ are known from 





and negative roots give a and 5 respec- 
tively. If, e.g., 


8 K 


6 sis + ist oy 


then w = 1/12 and 7, = 1/8, on sub- 
stituting in (6) and (7). .. a = 4{1 + 4 
from (2), so that a = 6 or 2, the given 
inverse time constants. 

With the method outlined, the time 7, 
must be very carefully determined if 
(2wT,)* is near unity. 

In a subsequent data sheet further 
methods for determining system time- 
constants will be described. 








Our American correspondents’ 


contribution this month includes news of fluid logic devices 


used for binary addition 


Look at America 


Numerically controlled 
‘draughtsman’ 


The effective use of modern high-speed 
digital computation equipment to aid the 
design process and actually to automate the 
mechanics of drawing, is rapidly becoming 
a reality rather than a mere possibility. 
Numérical control has drastically reduced 
the production time for parts of complex 
geometry, but until recently the time re- 
quired to prepare working drawings for 
shopmen and inspectors has essentially 
remained the same. 

By modifying a high-speed microfilm 
printer, the Stromberg Carlson Divn of 
General Dynamics has produced an auto- 
matic drawing machine that turns out a 
working print in less time than is required 
to make the magnetic tapes which control 
the programmed machine tool (/, 2). 
Once a part has been designed and pro- 
grammed for the machine tool, the same 
information can be utilized to produce a 
working drawing in less than a second. 

The block diagram in Fig. 1 shows the 
evolution of a working drawing beginning 
with the designer’s sketch. After the designer 
completes the conceptual design, it is put 
into numerical form so the part programmer 
can then convert the sketch into the auto- 
matic programming tool system (A.P.T.) 


Part programmer 
(in ART.) 





Post 
processing 


NC 
machine tool 











language. Using A.P.T., a programmer 
converts a parts configuration into algebraic 
form and then puts it into computer format. 
The computer then calculates the tool 
cutting-path and reproduces it on magnetic 
tape. This tape (No. 1) is passed through a 
post-processing subroutine that converts 
the general information into specific data 
on another tape (No. 2) for the particular 
control system on the machine. Tape No. 2 
runs the machine tool. Tape No. 1 runs 
through another post-processing sub- 
routine which makes a tape to program the 
SC-4020 high-speed printer. The drawing 
is made automatically and displayed on a 
high-resolution, high-intensity cathode-ray 


THIS MONTH 


Automatic draughtsman 


Fluid logic 
Analogue system-analyser 





tube. A 35mm camera is used to photo- 
graph the cathode-ray tube image and 
subsequently drawings are made from the 
film record. The finished drawing contains 
an outline of the part and all essential 
manufacturing data. 

The obvious advantage of the automatic 
drawing procedure, when numerical control 





Post 
processing 





Fig. | Schematic 
diagram of automatic 
drawing machine, 
showing sequence of 
operations from the 
designer's sketch to 
the working drawing 





SC-4020 








is used, is that the drawing is made auto- 
matically from the same input information 
as that required by the machine tool. 
Automatic drawing in this case seems to be 
easily justified economically. The question 
which remains is whether or not such a 
system will be economically feasible where 
numerical control is not involved. 


Fluid binary logical ‘add’ 
device 


Growing interest in fluid amplifiers and 
logic elements with no moving parts is 
evidenced by recent laboratory work at 
the Massachusetts Institute of Technology, 
concerned with the development of a fluid 
logic element for adding binary numbers 
(3, 4). Much like the jet relay devices 
developed at the U.S. Army’s Diamond 
Ordnance Fuze Laboratory,* these logic 
elements operate on the principle of 
momentum exchange between two fluid 
streams as they impinge on each other. 
Thus far, only devices which perform the 
‘carry’ operation of binary addition have 
been tested. These elements are commonly 
termed * half-adders ’. 

Fig. 2a shows schematically how two 
fluid streams can be added. The presence of 
flow is interpreted as ‘ unity ° whereas no- 
flow is called * zero’. * Addition’ of the 
two-fluid stream constitutes the addition of 
two one-digit numbers. For example, if 
stream A has a signal (A = 1) and stream 


Fig. 2 Method of adding two one-digit 


binary signals 
8 o 


.~ 8=0 yt 


A 
Viele 


c=il 


* See Control 1960 (Aug.), p. 111 
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Bhas no signal (B = 0), then the outputs C 
and D will indicate the binary sum of A and 
B, or in other words, C = 1 and D = 0. If 
the input signals A and B are reversed, the 
output binary sum is still the same. Alter- 
nately, if both A and B are ‘ unity” (Fig. 
2b), the output D = 1 gives the binary 
sum of A and B. Plastic models of these 
elements have been successfully tested 
using Univis J-43 hydraulic oil with flow 
ratios ranging from 7:1 up to 20:1 and 
with supply pressures of 4 Ibf/in®? to 
25 Ibf/in*. 

The addition of numbers of more than 
one digit is made possible by using a 
cascaded combination of the elementary 
elements as shown in Fig. 3. External logic 
is utilized to set the button valves, so that 
two four-digit binary signals, 0101 and 
1101, can be added. The cascade of logic 
elements thus performs the * carry ’ opera- 
tion of addition, giving the sum 10010. 

Proper impedance matching between 


° I ° 
| | ° ! 





i ° ° I ° 


Fig. 3 Addition of binary signals 0101 and 
1101 


interconnected elements is one of the major 


problems confronting the user of the 


elements. However, success with the cas- 
caded * half-adder’ leads one to believe 
that elements can also be properly matched 
to form a complete adder. 


Analogue analyser for non- 
linear systems 


One of the most powerful techniques used in 
non-linear systems analysis is the describing- 
function approach. Underlying assumptions 
on which the validity of the describing- 
function technique depends are; (1) the 
system is separable into a linear part and a 
non-linear part, and (2) the linear part of 
the system serves as a sufficiently good low- 
pass filter, so that transmission of higher 
harmonics is negligible compared to trans- 
mission of the fundamental. In particular, 
the describing function of a non-linear ele- 
ment is an equivalent amplitude-dependent 
linear transfer function. The describing 
function method thus involves a frequency- 
Tesponse analysis of a particular non-linear 
system based on the amplitude and phase 
of the fundamental component in the out- 
put, as referred to an input sinusoid. 

A unique analogue analyser has recently 
been developed, which automatically solves 
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Fig. 4 Schematic diagram of analyser 


for the coefficients of the fundamental terms 
in the Fourier representation of the in- 
phase and quadrature components of the 
output wave-form (5): 


quency and amplitude of the input, must 
then be reset by the operator before the 
next point can be plotted. A neon tube 
coincidence circuit serves as a controller 


ie to start the integrators, and then stop them 
A I [és sin wt d(wt) (1) after time has elapsed equal to the period of 
a the input wave. 
an An indication of the accuracy and mean- 
B, - 1 |e cos at det) (2) ingful frequency range of the analyser is 
™ Jo evident in Fig. 5. Here the analyser was 
Ay 
O deg 
10 fo) 
w, 
A oe Fig.5 Plot made by 
8;| “e Frequency, analyser of simple 
Es | @ cooas/ iain lag transfer charac- 
| e &o ia teristic 
® , 
OS s ® © 
0-75 
— 90 deg 


The analyser actually solves equations (1) 
and (2) simultaneously, and produces d.c. 
voltage outputs proportional to the coeffi- 
cients. If these analyser outputs are read 
out on an X-Y recorder, the result is a 
conventional polar plot of amplitude at 
various phase angles, with frequency 
varying along the locus. 

Fig. 4 shows the scheme of the analyser 
which, for convenience, was built from 
standard analogue computer components. 
Provisions have been made for both con- 
tinuous and discontinuous modes of opera- 
tion. In the former mode, a continuous 
plot is made, but no information is charted 
which would allow a determination of fre- 
quency at particular points on the locus. 
In the discontinuous mode a special timing 
circuit stops the integration after one cycle 
of the input frequency. The voltage held 
and accumulated by the integrator is then 
plotted by means of an automatic pen-drop 
circuit. The integrator, as well as the fre- 


applied to a simple lag network, whose 
polar plot is known to be a semi-circle. 
The closely grouped sets of points are re- 
peated runs for the same amplitude and 
frequency. The accuracy, of the order of a 
few per cent, is comparable to that of a con- 
ventional analogue computer using the same 
components. 


Your American Correspondents 


J. L. SHEARER, R. S. SCHER, K. N. REID, JR. 
Massachusetts Institute of Technology 
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Mach-5 tunnel 








WIND SPEEDS IN THE RANGE BETWEEN 
Mach numbers 2°5 and 5 will be avail- 
able with a new 4ft by 3ft closed- 
circuit wind tunnel at the Royal Air- 
craft Establishment, Bedford, which 
was Officially opened on 24 March by 
the Minister of Aviation. At present 
the tunnel has a nozzle of fixed throat- 
gap and contour giving a nominal air 
speed of Mach 4, but G.E.C., who 
received the £1m-plus contract for the 
working-section leg of the tunnel and 


= Air flow 
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moving flexible plate quadrant 
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Fig. | View from the outlet end of the new R.A.E. wind tunnel 


New high-supersonic-speed wind tunnel at Bedford 


its associated servo-controls, are to 
install a flexible-plate nozzle which 
will provide the Mach 2°5—S range. 
The working-section leg (Fig. 2) is over 
150ft long and comprises the inlet and 
contraction sections, nozzle, bridle 
structure (as the tunnel has a fixed 
nozzle at present, a temporary anchor- 
ing point is used instead of the bridle 
structure), model-support section, 
supersonic and subsonic diffusers, and 
an outlet section. 


Fig. 2 The working-section leg of the tunnel 


Jacks for moving 
flexible plate 


rolling geor é 


es a . ~* 

‘ r boat 
pees 4 
Lixttx—x <4 x 

Blow- off 


valves 


trolley 
ELEVATION 
Model pitch 
Adjustable- and roll * 
mirror motor drives Air release 
Windows 


Schlieren 





inlet ais beam con 
ated Water-cooled Television e Quadrant 
links camera *. counterbalance 
housing weights 





Cross-traverse transporter 


Take-up Rails 
carriage 


: ducting 
isis Pow 
Supersonic and subsonic : 
diffusers } EX 
——is———> 


The rigging of a model with its in- 
strumentation is a lengthy business, 
and the method by which this tunnel 
allows for one model to undergo test 
while, simultaneously, another model 
is being rigged for test outside the 
tunnel, is of some engineering interest. 
The arrangements for the mounting, 
manipulation and instrumentation of 
models are incorporated in separate 
and interchangeable model-support 
sections or ‘ trucks ’ (Fig. 3), which can 
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be disconnected and removed bodily 
from the air circuit to an adjacent 
rigging bay. 

Another feature is that the whole of 
the working-section leg is anchored at 
a single point, the model-viewing 
position, and both upstream and 
downstream of this point the various 
casings are mounted on wheels run- 
ning on rails. This allows the tunnel 
to be opened to change a model- 
support section, and also accommo- 
dates any thermal expansion conse- 
quent upon work at high temperatures. 


Nozzle control 


The maximum inlet pressure will be 
about 12atm abs. and, to prevent 
liquefaction in the nozzle at high 
Mach numbers, the temperature of the 
air will be allowed to rise to 150°C. 
Under some operating conditions the 
pressure in the tunnel may be below 
0:latm abs. It was considered inadvis- 
able for the nozzle-control devices to 
be enclosed within a pressure shell, so 
there will be a sliding seal between 
the fixed and moving walls of the 
nozzle. This is a double seal, packed 
with dry air to prevent the ingress of 
moist atmospheric air into the circuit. 

Essentially the nozzle will comprise 
two fixed side-walls and movable top 
and bottom walls. Each moving wall 
is carried by a pair of beams pivoted 
at the downstream end. Upstream, 
each pair of beams carries a throat 
block of fixed contour which is driven 
upwards and downwards to vary the 


throat gap. The variable-contour top 


and bottom walls of the divergent 
sections of the nozzle are formed by 
flexible plates each attached to one of 
the throat blocks at the upstream end, 
and also to the supporting beams 
through seventeen pairs of motor- 
operated ball-screw jacks. 

The information required to control 
the position of the flexible plate at the 


jack stations throughout the Mach 


range, is provided by cams mounted 
on a sliding table in the nozzle con- 
troller (Fig. 5). When the operator 
selects a Mach number, the sliding 
table is caused to traverse a distance 
proportional to that Mach so that the 
cams operate a number of sensing 
heads, each head driving a magslip 
transmitter. A coincidence magslip 
transmitter is connected directly to the 
flexible plate at each jack attachment 
point. The difference between the set- 
tings of the two magslips results in an 
error signal which supplies power to 
drive the jack motor, and consequent- 
ly the flexible plate, to the position 
corresponding to coincidence of the 
two magslips. The system also com- 
pensates for variations in jack length 
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with temperature, and permits small 
corrections to be fed in by follow- 
through magslips. The dimensions of 
the throat can be varied in this way 
from 18in by 3ft at Mach 2°5, to 
l?in by 3ft at Mach 5. 

The flexible-plate nozzle will have 
its downstream end fixed into the 
bridle structure which will be the only 
part of the working-section leg 
anchored to the foundations. The 
bridle structure will house the high- 
and low-temperature viewing windows, 
each lit so that a remotely-controlled 
625-line Pye television system may 
view the model. Windows for high- 
and normal-temperature viewing will 
be interchanged hydraulically. At pre- 
sent, with the fixed nozzle, low- 
temperature viewing windows and 
Schlieren viewing equipment are used. 


Model control 

The model-support structure, on which 
the models to be tested are mounted 
and manoeuvred in the airstream, can 
be removed from the tunnel and taken 
to an adjacent rigging bay on a motor- 
driven cross-traverse transporter, and 
another model-support structure or the 
‘calibration’ section, can be inserted 
in its stead (Fig. 4). In order to re- 
move such a section from the air 
circuit, casings downstream of the 
nozzle are moved hydraulically a dis- 
tance of 11ft axially so that the model- 
support section can be positioned over 
the transporter. 

The main components of the model- 
support section are a moving quadrant 
and the sting shaft on which the model 
is mounted. The quadrant enables the 
pitch of the model to be varied within 
the limits of 5° depression and 27° 







































































Fig. 3 (left) Model-support section in the 
rigging bay adjacent to the tunnel. A cross- 
traverse transporter enables model-support 
sections to be interchanged 


Fig. 4 (below) Inserting a model-support 
section in the tunnel 


Fig. 5 The nozzle controller employs cams 
for controlling the position of flexible plates 
forming the variable-contour walls 


elevation, while the sting can rotate 
the model through +180°. These 
movements can. be remotely controlled 
when the model-support section is in 
the line of the tunnel. When a section 
is in the rigging bays, it is sometimes 
necessary to reproduce the movements 
of the sting which occurred when the 
section was in the tunnel, and portable 
control cabinets are used for this 
purpose. 

Similar in shape and dimensions to 
the model-support section, and inter- 
changeable with it in the air circuit, is 
a calibration section. In this the 
moving quadrant and sting are re- 
placed by a probe housing which has 
a 2ft traverse across the airstream. 
Inside this housing are two hollow 
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probe arms carrying a common probe 
head fitted with pitot tubes and yaw 
meters. The probe head may be moved 
3ft upstream and downstream of the 
window centre-line, so that a plot of 
the airflow can be made in the vicinity 
of the model. 

Remote control of the model under 
test is provided for both pitch and 
roll, and, as can be seen in Fig. 6, is 
based on the Ward Leonard principie. 
A single 3*8hp induction motor drives 
two 1'1kW d.c. variable-voltage gen- 
erators each of which supplies a Ihp 
separately-excited d.c. motor, one 
driving the moving quadrant and the 
other the sting. The control arrange- 
ments for speed and position of both 
quadrant (pitch) and sting (roll) are 
identical. 

The moving-quadrant control sys- 
tem is based on balancing a magslip 
coincidence transmitter actuated by 
the quadrant, with a magslip trans- 
mitter in the observation room and 
under the control of the operator. 
Under conditions of equilibrium 
equal currents’ pass through the 
opposing fields of the lIkW dec. 
generator supplying the Ihp quadrant- 
driving motor. If, however, the opera- 












































tor alters the position of the magslip 
transmitter, which is calibrated in 
angles of depression and elevation, an 
error signal is introduced into the 
magslip system, this signal being fed, 
via a transistor amplifier, to the oppos- 
ing fields of the d.c. generator. The 
current in one field increases and in 
the other decreases, the resulting out- 
put of the generator being applied to 
the quadrant-driving motor which ro- 
tates in the required direction until 
coincidence of the two magslips is re- 
established. 

The control circuit includes such 
refinements as coarse and fine mag- 
slips, a tacho-generator geared to the 
quadrant drive to assist stability and 
permit precise speed control, a 
position-error indicator, and a digital 
display and read-out system. 


Diffuser control 

In order to obtain the maximum 
working efficiency of the tunnel, the 
speed of the air emerging from the 
nozzle is reduced gradually, with the 
minimum loss of energy, by supersonic 
and subsonic diffusers, before being 
recirculated through the tunnel via 
the compressors. 

















Fig. 7 The super- 
sonic diffuser can be 
moved Ilft down- 
stream by a hydrau- 
lic motor. Note 
mechanism for oper- 
ating ball-screw jacks 
of the moving plates 
diffuser’s and, far 
right, the model- 
support section 




























The supersonic diffuser (Fig. 7) con- 
sists of a rectangular-section pressure 
sheli having fixed top and bottom 
plates. Each side wall comprises a 
short (fixed) entry-plate, two long 
plates with a free centre-hinge, and a 
short plate moving on hinges parallel 
to the centre line of the tunnel. The 
free hinge on each side wall is driven 
by an electric motor through gearing 
and a ball-screw jack to form an ad- 
justable throat. The electrical control 
system for the moving plates is similar 
to that of the model-support section 
except that the motors and generators 
are somewhat larger. The plates can 
be controlled manually, or automa- 
tically by the nozzle controller men- 
tioned earlier. 

Two 22in quick-acting blow-off 
valves are incorporated in the super- 
sonic diffuser to limit a build-up of 
pressure above atmospheric in the 
event of a flow break-down. 

Downstream of the supersonic dif- 
fuser is the subsonic diffuser, where 
the 4ft by 3ft section of the tunnel is 
transformed to circular shape to 
match the 7ft diameter outlet casing. 
The latter is U-shaped in order to turn 
the airflow through 180°, and the 
closed circuit is completed through the 
compressors. 

The compressor plant, which pro- 
vides 88,000hp, is by A.E.I., together 
with its various motors, gears and 
control equipment. It comprises two 
motor-driven sets operating in parallel, 
each set consisting of low- and high- 
pressure units which, in series, give an 
overall: pressure ratio of 17: 1. Each 
set is primarily driven by a 34,000hp 
synchronous motor running at 3000 

rev/min when connected to the grid, 
or at any speed between 2160 and 
3000rev/min when connected to 
R.A.E.’s own gas-turbine-drive gen- 
erators. 

To start the system, and also to 
provide an additional 10,000hp, each 
set is also driven by an induction 
motor through a_ speed-increasing 
gear-box. This induction motor is con- 
trolled by a liquid regulator. As sub- 
contractors to A.E.I., Harland Engin- 
eering provided air-circuit rotating 
plug-valves, and J. Blakeborough & 
Sons air-circuit and cooling-water 
gate-valves. 


Observation room 

The main controls for the working- 
section leg are housed in a control 
console and a correcting panel in the 
observation ‘room. The console 
carries model-attitude controls (pitch 
and roll), mimic indicators showing 
the side and front elevation of the 
model itself in silhouette, and two 
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four-digit indicators which give the 
angles of pitch and roll. 

Separate, but similar, sets of 
controls and equipment for the flex- 
ible-plate nozzle and supersonic diffu- 
ser are also included on this control 
console. Means are provided for con- 
trolling the two throats’ movement 
and their positions are shown by four- 
digit indicators and silhouette-type 
mimic indicators. On top of the con- 
sole are 38 error indicators covering all 
the servo systems of the flexible-plate 
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A HIGH SPEED OF RESPONSE TO LOAD 
changes is understood to be obtained 
from Ardleigh Engineering’s 500 MkII 
(electric) governor, which is now be- 
ing employed to regulate the operation 
of a number of Davey Paxman az.. 
alternator sets. However, the governor 
can, in fact, be used to regulate the 
operation of sets driven by any type of 
prime-mover, and any number of sets 
can be run as single units, or in 
parallel, as desired. 

Basically the equipment consists of 
a‘ pilot’ alternator which is driven by 
the prime-mover, an amplifier unit, a 
hydraulic pump unit, and a fuel rack 
—or throttle—actuator. Broadly, the 
governor operates by accepting speed 
signals from the engine-driven pilot 
alternator, in combination with main- 
alternator-load signals, to control the 
fuel-rack actuator which regulates the 
fuel supply to the engine. 

















Throttle actuation 

The fuel rack actuator, which is nor- 
mally mounted on the engine some- 
where convenient for operating the 
throttle-control linkage, is an electro- 
mechanical servo-mechanism which 
converts the electrical error signal into 
a mechanical movement. It is fed with 
oil at 250 Ibf/in® from a hydraulic 
oil pump unit, which is normally 
driven by the engine under regulation, 
although a separate electric motor 
may be used. The actuator provides 
a rotating-shaft output, although a 















e smaller version having ram or rotating 

e output is available. The latter may 
have a vertical or horizontal shaft, and 

g clockwise or anti-clockwise motion to 

e increase fuel. 

Q The prime-mover is arranged to drive 
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nozzle, including two for the throat 
opening, 34 for the plates’ jack-stations 
and two for the plate-inflexion points. 
Behind the console is the correcting 
panel which incorporates plate-curva- 
ture and correction indicators together 
with the controls required to inject 
corrections into the flexible-plate jack- 
station servo-mechanisms. 

Basic servo-amplifiers are used in 
the electrical control circuits of the 
flexible-plate jacks, but some of the 
other servo-mechanisms employ modi- 





a permanent-magnet pilot alternator 
at 3000rev/min, the latter's output— 
30VA, 120V, 400c/s—being used 
both to power the amplifier unit and 
also provide a measure of the prime- 
mover’s speed. The use of a pilot 
alternator has a number of advantages. 
It ensures a continuous supply to the 
amplifier ; if the main alternator per- 
formed this duty, a momentary short- 
circuit would interrupt the supply to 
the amplifier. Furthermore, when 
starting a closely-regulated main alter- 









Fig. | Governing is 
by a combination of 
engine-speed signal 
(from the pilot alter- 
nator) and load 
signal (from the main 
alternator) 


Actuator 


nator of modern design, it takes longer 
for the voltage to build up to full out- 
put than for the engine to reach full 
speed. In other words, if the infor- 
mation feed were from the main 
alternator instead of from a pilot 
alternator, the governor could not take 
over control at the proper moment. 
Another advantage of the pilot alter- 
nator is that its output frequency of 
400c/s gives the governor a faster 
response than would operation from 
the 50/60c/s main alternator. 


Operation 
As can be seen in Fig. 1, the output 
of the engine-driven pilot alternator 








Speed and load-sensing 
amplifier 





fying units as well. These are mounted 
in racks in the data-reduction room. 
Various G.E.C. digitizers indicate the 
position of certain wind tunnel com- 
ponents in digital form. Each digitizer 
consists of a head geared to the con- 
trolled member, a decoder located in 
the data-reduction room, and a four- 
digit indicator in the observation 
room. Digitizing equipment is fitted 
to the model-sting, nozzle throat, 
supersonic diffuser and calibration 
probe. 


Governing engine-driven alternators 


Diesel-powered a.c. generating equipment regulated electrically 


(the speed signal) is fed to the ampli- 
fier unit, where its frequency, which is, 
of course, proportional to the speed 
of the engine, is measured. The 
measuring circuit produces a d.c. sig- 
nal of a value proportional to the 
deviation in frequency from _ the 
desired datum. 

The electrical output (wattage) of 
the main alternator is measured by a 
load-sensing unit which is fed from 
three current transformers (one per 
phase) fitted over the output cables 


Current 
transformers 





Main 
alternator 
50/60 c/s 





400 -c/s 
pilot 
alternator 





Current 








Speed signal 









Load signal 


from the alternator, and also with 
phase voltages via cables connected 
to each phase and neutral. In this way 
the load-sensing unit produces an out- 
put proportional to power. 

These two signals, speed deviation 
(from the pilot alternator) and load, 
are combined and amplified in a mag- 
netic amplifier within the amplifier 
unit, and fed to the throttle actuator. 

The actuator produces a mechanical 
movement proportional to the output 
of the amplifier. It follows that when 
the alternator is running at the desired 
speed under a steady load, the throttle 
is IN some given position appropriate 
to the load, and the speed is correct. 
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If, however, the load on the alterna- 
tor increases, the load-sensing unit 
transmits signals to the effect that the 
throttle should open ; furthermore, if 
a speed change should occur, the pilot 
alternator signals this to the alterna- 
tor. Any reduction in load will lead 
to similar action, although here the 
result is, of course, to decrease the 
amount of fuel injected. 

It is claimed that the throttle will 
start to move to a new position as a 
change-of-load commences, and that 
this thottle movement occurs before 
the speed of the engine has changed 
to any great extent. Any deviation in 
speed is understood to be mainly due 
to slight inaccuracies in the new 
throttle-setting as demanded by the 
load signal, together with the effect of 
a small time delay in operating the 
throttle. Such a speed deviation would, 
of course, be signalled by the pilot 
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alternator, and in consequence the 
throttle would be trimmed to a new 
position in order to bring the speed 
back to the set value. 

When starting a governor-controlled 
Diesel engine, the fuel racks must first 
be opened a certain amount, and this 
may be done manually or automa- 
tically using a solenoid arrangement. 
As soon as the oil supply to the 
actuator has reached the correct pres- 
sure, and the engine has reached 
operating speed, the governor will 
take over. For automatic starting, the 
solenoid can be switched out by a cen- 
trifugal switch which may be arranged 
to open at a predetermined speed. It 
follows that solenoid-starting can be 
remotely operated. 


Performance 


According to the manufacturers, the 
fact that the position of the engine’s 


throttle is determined by the load on 
the alternator, and not by the engine’s 
speed, gives the governor a high speed 
of response. Droop is adjustable be 
tween 0 and 5%, and negative droop 
can be provided. The sudden onset, 
or cutting off, of full load is under 
stood to give speed transients of less 
than 2%, and recovery to the set 
value within 1s, when adjusted to zero 
droop. The frequency stability when 
under a steady load is given as 
+025%. Two or more alternators 
can be operated in parallel, with auto- 
matic load sharing—the proportion of 
the load handled by each machine can 
be adjusted while on load, and this 
load ratio maintained for all values of 
total load. The system is thus said to 
provide an output of constant fre- 
quency irrespective of load or the 
number of alternator sets being oper- 
ated in parallel. 


Automatic weighing at Walters Biscuits 


Pneumatics and hydraulics aid foods packaging 


AT THE ACTON WORKS OF WALTERS 
Biscuits Ltd, batteries of Fluidflow 
automatic weighing machines are em- 
ployed in producing 12-dram 
packets of ‘ potato puffs’. Manufac- 
tured by George Driver & Sons Ltd, 
of Wembley, these Fluidflow machines 
have been used by Walters for many 
years, and provide a good example of 
the value of hydraulic and pneumatic 
techniques in the handling of a 
fragile product. 

An interesting feature of these 
Fig. | One of a battery of Fluidflow auto- 


matic weighing machines in use at Walters 
Biscuits, Acton 


machines is their use of a vibratory 
feeding action which is hydraulically 
operated. A motor-driven hydraulic 
compressor is incorporated in each 
machine, the compressor’s shaft carry- 
ing eccentrics which cause reciproca- 
tory motion of two ‘ driving’ pistons. 
The driving cylinders are connected 
by oil-ways to two ‘ receiver’ pistons 
and cylinders, each receiver piston 
being connected through a bell-crank 
lever to the vibratory feed trough. A 
hand-operated control valve on the 


Perspex Hydraulic 


mechanism 


Vibrating chute ] ‘ 


Mj flap tube 


Bag 


Fig. 2 The product—' potato puffs ’—is fed 

along a hydraulically-vibrated chute into a 

weigh-pan. When twelve dram have been 

delivered, the pan falls and operates a micro- 

switch, so halting the feed and allowing 

compressed air to eject the weighed product 
into an open bag 


compressor enables one to vary the 
amplitude of the vibratory motion in 
order to adjust the rate of feeding. 

Fig. 2 shows the operation of a 
Fluidflow automatic weigher. The 
product (‘ potato puffs’) is fed along 
the vibrating chute into a weighing 
pan. When twelve drams of product 
have been delivered, the weighing pan 
falls and in so doing operates a micro- 
switch. The circuit thus made, opens 
diaphragm valves within the hydraulic 
unit, so that the pressure collapses 
and the vibratory feed from the chute 
is halted. Simultaneously, the micro- 
switch energizes a solenoid valve 
which allows compressed air to escape 
through a series of holes in a tube 
situated near a metal flap in the 
weigh-pan. The escaping air lifts the 
flap, and then blows the weighed pro- 
duct against a Perspex guard, from 
whence they fall into an open bag. 

Two Atlas Copco compressors pro- 
vide the compressed air for these 
Fluidflow machines. Driven by a 
¢hp electric motor, each unit has a 
piston displacement of 44ft*/min, 
and both machines are regulated to 
cut out at 55Ibf/in*, and in at 40 
lbf/in‘-—an arrangement which gives 
a sufficiently stable pressure for satis- 
factory operation. 


CONTROL April 1961 


Spe 
A n 
Cont 
7 Av 
form 
vicin; 
Euro 
both 
of § 
Spert 
nego’ 
contr 
Presi 
René 
his « 








NEWS ROUND-UP 





from the world of control 


— BUSINESS —————— 


Sperry Europe formed 

A new organization, Sperry Europe 
Continental Co., with main offices at 
7 Avenue de L’Opéra, Paris, has been 
formed to handle the sales and ser- 
vicing of Sperry equipment in Western 
Europe. The new firm will represent 
both Sperry Gyroscope Co., Division 
of Sperry Rand Corp., U.S.A., and 
Sperry Gyroscope, Brentford, in the 
negotiation of patents, licences and 
contracts throughout Europe. Its 
President and Director General is 
René Laureau, who formerly headed 
his own company, Société d’Equip- 
ments Aéronautiques Laureau. Colin 
A. Richardson, formerly Aeronauti- 
cal Sales Manager of Sperry, Brent- 
ford. has been appointed Marketing 
Director. Peter P. Ehrhardt, who is 
organizing a Munich office, will be the 
consultant and sales representative in 
Germany, and Sidney J. Reid, the 
representative for Switzerland and Bel- 
gium has offices in Lausanne. 


Solartron’s Russian order 


A contract has been signed between 
V/O Mashpriborintorg, Moscow, and 
Solartron for the supply of apparatus 
to the value of over £84,000. The 
order includes two automatic X-ray 
fluorescent spectrometers, three digi- 
tal-data recorders, digital voltmeters, 
and other electronic instruments. 


E.E.A.’s council 


The new Chairman of the Council of 
the Electronic Engineering Association 
is Dr D. N. Truscott, General 
Manager of GE.C.’s_ Electronics 
Division, in succession to L. T. Hinton 
of Standard Telephones and Cables. 
W. D. H. Gregson, Assistant General 
Manager of Ferranti’s Scottish fac- 
tories, is now Vice-chairman, in suc- 
cession to R. R. C. Rankin of Mullard 
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Equipment. The Council now includes 
representatives of the Electronic Ap- 
paratus Division of A.E.I., Decca 
Radar, E.M.I. Electronics, Elliott 
Brothers, Ferranti, G.E.C., Kelvin & 
Hughes, Marconi’s Wireless Tele- 
graph, Mullard Equipment, Murphy 
Radio, Plessey, Pye Telecommunica- 
tions, Redifon, and Standard Tele- 
phones and Cables. 


Hawker Siddeley partnership 


The electronics sections of Armstrong 
Whitworth Aircraft and Brush Elec- 
trical Engineering have been linked to 
form a partnership, known as Arm- 
strong Whitworth/ Brush, to manufac- 
ture and market electronic and 
electrical control and _ intelligence 
systems. Brush will handle marketing 


in co-operation with Armstrong Whit- 


worth Equipment’s sales staff and, 
through Armstrong Whitworth/ 
Brush, enquiries for electronic equip- 
ment will be channelled to the most 
suitable of the two parent companies. 
Both Brush and A.W.E. will continue 
to operate in their established fields. 


COMPUTATION 


Elliott's Verdan computer 


Elliott Brothers (London) Ltd have 
entered into an agreement with the 
Autonetics Division of North Ameri- 
can Aviation Inc., for the sale and 
manufacture of Autonetics’ Verdan 
(‘versatile digital analyser’) digital 
computer. This machine, which basi- 
cally comprises a general-purpose digi- 
tal computer, a digital differential 
analyser or incremental computer, and 
an input-output section, is unusually 
compact and designed to be highly re- 
liable. Already extensively used in the 
guidance and control system of Ameri- 
can military aircraft, missiles such as 
Hound Dog, and nuclear submarines— 
each Polaris-carrying nuclear sub- 
marine carries three Verdans—this 


computer does appear to represent a 
step forward in computer technology. 
The design itself is understood to have 
cost over $70m, and the U.S. Air 
Force placed a further contract worth 
$35m to study problems of reliability. 
The result is a versatile computer of 
high speed, which measures only 15} 
in by 8in by 19 in (less than 1}ft’) 
and weighs 82 pounds. 

Verdan employs semiconductors 
throughout and is built up of 96 plug- © 
in printed-wiring boards. Its memory 
is a magnetic disk in which the head- 
to-disk gap is set by an auto-lubricated 
air bearing. 

The d.d.a. section is understood to 
be capable of processing a problem re- 
quiring 128 incremental elements 100 
times a second. Operating in parallel 
with the d.d.a., the general purpose 
computer performs additional related, 
or unrelated, computations simultan- 
eously. Aboard Polaris submarines 
it is a major component of the Auto- 
netics inertial navigation system, and 





Verdan digital and d.d.a. computer opened 
to show plug-in modules and (left) the mag- 
netic disk memory 


performs all the computation neces- 
sary to fix the position of the sub- 
marine’s missile-launch position. 
Elliott’s see Verdan’s application in 
this country to much the same sort of 
thing as in the U.S.A.—as a central 
computer for weapons systems of 
various types. However, the advent of 
the supersonic airliner should provide 
a civil application. Verdan could be 
used, together with an inertial or Dop- 
pler navigator and a heading reference, 
to provide demand signals to an auto- 


matic flight control system. The 
machine costs £30,000. 
MACHINES 


of . 
Ferranti’s machine-control sales 
An increase in the sales of their 
machine-tool control systems and in- 
spection machines has been announced 
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by Ferranti. During the past six 
months, order to the value of £350,000 
have been received, 50% of the equip- 
ment sold going to the U.S.A. The 
American interest is believed to result 
from Ferranti’s agreement with the 
Bendix Corp. for the sale and service 
in the U.S.A. of Ferranti transistor- 
hydraulic continuous-path machine- 
tool controls, numerical positional- 
control equipment and _ inspection 
machines. 


Machine-tool economics 


E.M.I. Electronics have compiled 
comparative figures showing the eco- 
nomies obtained using their Emicon 
machine-tool control system. Two 
jobs were studied, the drilling of 
printed-wiring boards with an E.M.L- 
Grimston drill, and the drilling of 
Wiederman press templates on an 
E.M.I.-controlled Atlantic table. 
The costs of jig-drilling one board 
of a 100-board batch on the Grimston, 
break down as follows: making dril- 
ling template, time 160 min, cost 480 
pence; drilling 96 min, cost 1632 
pence ; machine cost plus interest over 
five years (£234), 09 pence; main- 
tenance etc., 0°82 pence. The cost per 
board thus totalled 18°04 pence. Under 
tape control, the costs were: program- 
ming 26 min, 52 pence (compare with 
template cost of 480 pence); loading 
etc., 1°7 min, 2°45 pence ; machine cost 
plus interest over five years (£2600), 


NEWS BRIEFS 
Shockley four-layer diode, a_ self- 
actuated high-speed silicon switch, 
is handled by Brush Crystal Co. in the 
U.K. This follows as a result of the 
acquisition of Shockley Transistor by 
the Clevite Corp., Brush Crystal's 
American associate. 


Holzer timing switches, clockwork and 
motor-driven, are to be manufactured 
and sold in this country by N.S.F. 
Ltd, following an agreement with 
W. Holzer & Co., Meersburg, W. 
Germany. 


G. A. Platon Ltd (flow controllers 
etc.) has removed to 281 Davidson 
Road, Croydon, Surrey; telephone, 
Addiscombe 1168. 


749 pence; maintenance etc., 1°69 
pence. The cost per board under auto- 
control, therefore, totalled 11°63 
pence. 

The manual drilling of single tem- 
plates on the Atlantic comprised: 
drilling, reaming etc. 100 holes, 700 
min, 2100 pence; capital cost etc. 
(£234) 66 pence ; so that the cost per 
template was 2166 pence. Under tape 
control the costs were: programming, 
60 min, 120 pence; drilling, reaming 















RANK OUTSIDER A complete mobile 
closed-circuit television service is now available 
from a Rank Precision Industries’ vehicle, the 
interior of which is illustrated. The service is 
based upon the Dage range of television cameras 
and control equipment now being marketed out- 
side the U.S.A. by Rank’s G.B. Kalee Division 


etc., 100 min, 300 pence; machine 
setting, 45 min, 135 pence; capital 
cost etc. (£7800), 452 pence; the 
total cost under auto-control being 
1007 pence. 
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Heart monitoring at 


Hammersmith 


Believed to be the world’s best-equipped 
cardiac centre, the Department of 
Surgery at Hammersmith Hospital now 
has central monitoring equipment by 
New Electronic Products, as well as 
that company’s heart-lung and hypo- 
thermia equipment. A central monitoring 
desk, illustrated, in a separate recording 
room serves two operating theatres 
and a recovery ward, although essential 
measurements are repeated on large 
meters and oscilloscopes in the theatres. 

The middle of the desk contains two 
twin-channel oscilloscopes, allowing 
four wave-forms to be viewed simul- 
taneously, and each amplifier channel 
has an indicating meter. Permanent 
records are made on a six-channel 
photographic recorder. There are eight 
amplifier channels, any six of which 
may be used to link the recorder with 
any of the rooms of the cardiac centre. 

Amplifiers, electrodes and _trans- 
ducers handle  electrocardiograms, 
phonocardiograms, inter-cardiac pres- 
sures, electroencephalograms, external- 
cuff blood pressures, pulse wave-forms 
and blood pH. In duecourse a Honeywell 
multi-point strip chart recorder will be in- 
stalled for measuring and recording 
blood, air and surface temperatures. 

A dye assembly can also be included 
in the desk with connexions to the 
Norman-N.E.P. dye earpiece or cuvette 
on the patient in the investigation room. 
A strip chart recorder is also used here. 

Working in conjunction with the 
pressure amplifiers are mean-pressure 
indicators giving visual indication of 
inter-cardiac and external-cuff pressures. 
As the various pressure amplifiers can be 
switched to the required indicators, 
there is no need to have an indicator 





for each pressure. A photographic 
recorder is used to record most of the 
physiological phenomena, and _ this 
type of recorder can have up to twelve 
galvanometer channels. 

Twin-beam oscilloscopes in the desk 
show wave-forms of heart movements. 
Any two wave-forms can be displayed 
on each Sin screen. In the operating 
theatre, a large 12in twin-beam 
oscilloscope is provided so that the 
e.c.g. and pressure wave-forms can be 
seen without the oscilloscope being 
too near the operating table. In other 
rooms of the centre, Sin oscilloscopes 
are used. All oscilloscopes are controlled 
from the desk and any channel being 
monitored at the desk can be displayed 
on any oscilloscope. 

A tap unit, designed for use with the 
desk, consists of two still plates lapped 





The Senior Electronics Technician (Peter 

Stinton) in the Department of Surgery at 

Hammersmith Hospital, seated at the cen- 
tral monitoring desk 


together to form a leak-proof seal. 
The various positions normally required 
for measuring blood pressures i.e. 
transducer-to-patient, transducer-to- 
calibration, and zero and catheter 
flushing, are obtained automatically by 
rotating one of these plates electrically. 
Each tap unit accepts one differential or 
single pressure head. 


METALS 


Sheet-quality control 


A quality control system for the sheet 
steel and tinplate industries now being 
produced by the Metal Industries 
Division of English Electric, is in- 
tended for sorting sheared sections of 
cold strip and rejecting faulty pieces. 
This ‘ sheet classifier ’ stores the infor- 
mation on strip quality obtained 
during inspection (pin holes, off-gauge, 
poor finish etc) and uses it when the 
sheet is cut and ready for sorting into 
piles. The information is stored and 
processed by Datapacs, standard tran- 
sistorized logical elements. A sheet 
classifier system of any size and com- 
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The AMPEX CP-100 is a compact, extended-frequency 
instrumentation tape recorder/reproducer. Tape transport, motor drive 
amplifier, heads, power converter, controls and all-transistorized plug-in 
record/reproduce electronics are contained in a single 13%” x 19” x 33%” 
mobile case. The CP-100 operates on 28-volt DC, with 48 to 400 
cycle converters available for other power sources. Data is recorded by 
direct or FM carrier techniques on up to 14 analogue tracks. The 
CP-100 offers frequency response to 200 Kc at 60 ips or expanded : 
recording time of 24 minutes for 100 Ke data at 30 ips on a | 
standard 102” reel. Transport tape speeds — 1%, 3%, 742, 15, 30 and 
60 ips — and plug in frequency determining units and equalizers associated 
with tape speeds, may be quickly changed. The versatile and mobile 
CP-100 performs reliably over a temperature range of from —50°F to 
+160°F, up to an altitude of 10,000 feet, in relative humidities to 95%... 
and is designed to withstand shocks and vibrations encountered in rugged 
mobile testing applications. This recorder may also be rack mounted 
if desired. For complete details write Ampex Great Britain Limited, 
Arkwright Road, Reading, Berkshire, England. 
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COLD-ROLLER AUTO-GAUGED The 
four-stand four-high tandem cold-rolling mill 
now in operation at Steel Peech and Tozer’s new 
£2m Brinsworth works, incorporates automatic 
gauge control. Raw material for cold rolling is 
supplied from an adjacent hot-strip mill and, 
after pickling, is delivered to the cold mill in coil 
form. The tandem mill illustrated is by Davy & 
United Engineering, and numbers 1 and 4 stands 
are equipped with automatic gauge control, 
there being automatic inter-stand tension control 
between stands 3 and 4. Steplessly-variable 
inter-stand tension holds the strip centrally 
within the mill, and any deviation in strip- 
straightness is indicated at each stand. English 
Electric electrical plant is used, the mill motors 
having a combined power of some 4300 hp. 
These are supplied from rectifierjinverter units 
which serve the dual purpose of powering the 
motors during rolling and returning power to 
the supply during deceleration of the mill. After 
rolling on the tandem mill, the strip is annealed 
and transferred to a two-high temper mill (Sir 
James Farmer Norton) before slitting to size 


plexity can be built for a line of any 
speed and with a cut-length ratio of as 
much as 10/1, with these Datapacs. 
The first units will be installed on 
number 5 cut-up line at the Abbey 
Works of the Steel Company of Wales, 
on two cut-up lines at Richard 
Thomas & Baldwins, Ebbw Vale, and 
in a South African steelworks. 

The unit at the Abbey Works will 
be on a steel line operating at 700 ft 
min, with cut lengths ranging from 
40in to 180in. Sorting will be into 
rejects and prime sheets. On the two 
tinplate lines at Ebbw Vale, both of 
which operate at 1000 ft/min and with 
cut lengths ranging from 18in to 42in, 
sorting will be into four piles: sheets 
with pinholes; off-gauge material : 
other rejects; prime sheets. 


—— ERGONOMICS ————- 


Control room design 


The Scottish Centre of the I.E.E. in 
association with the U.K.A.E.A., 
Dounreay, organized a Symposium on 
the Instrumentation and Control of 
Nuclear Reactors over the weekend 
25-26 March. The Meetings, which 
took place in premises loaned by the 
Royal Technical College, Glasgow, 
were by any standard a considerable 


success. About 120 attended, with 
particularly strong contingents from 
Dounreay, Chapelcross and Hunters- 
ton. 

Eleven papers were presented, but 
perhaps the most interesting to the 
control engineer was The human 
factor in control room design, by 
H. D. Howse. The author adopted the 
systems approach—that is, there is a 
job to be done which must be accomp- 
lished within certain constraints by 
some combination of men _ and 
machines. He considered particularly 
the longer-term recommendations re- 
lating to the design of the control 
system of some future nuclear power 
station. His aims were: safety, for 
both the general public and the 
operating staff; and efficiency, or 
operation at the minimum cost, by 
minimizing unnecessary trips, maxi- 
mizing electrical power outputs, and 


NEWS ROUND-UP 


compact, but that the man at the 
desk must have an unrestricted and 
short-distance view of rear panels. 
Howse also felt that the operator at 
the desk may be either seated or 
standing, but in both cases his eye- 
height should be constant and the con- 
trols and displays the same distance 
from him. According to the author, 
when an emergency begins to develop 
after an uneventful spell, a man’s first 
and almost instmective reaction is 
nearly always to stand up. Further- 
more, after a long spell of work, 
changes of posture are necessary for 
physical comfort and also to dispel 
boredom. 

As for the actual arrangement of 
the control room, Howse suggested 
that the desk should incorporate all 
the moment-to-moment controls and 
displays, and then went on to discuss 
schematic panels, alarm systems, de- 
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Educational computers: Redifon have intro- 
duced a range of educational analogue 
computers, based on their Radic system. 


Fifth Annual Midlands Instruments and 
Controls Exhibition will be held at the 
Central Y.M.C.A., Snow Hill, Birmingham 
4, from 25-28 April. Details: A. M. Lock 
& Co. Ltd, Newborough Road, Shirley, 
Solihull; telephone, Shirley 5703. 


Parvalux (motorized gears, f.h.p. motors, 
speed controllers, etc.) are now named 
Parvalux Electric Motors Ltd. 

Engineering Laboratory Equipment Ltd 
(285, Ealing Road, Alperton, Wembley, 


by maximizing the life of the equip- 
ment. 

He suggested that man’s primary 
function in this system would seem to 
be in: decision-making, especially in 
those cases where rule-of-thumb can- 
not be applied; early entry into the 
system when a deviation condition 
begins, so as to arrest a deteriorating 
situation ; and in managing the system 
so as to optimize the system’s aims of 
safety and efficiency. 

On the other hand, Howse, sug- 
gested that man should not be used as 
a primary safety device, a continuous 
controller (although he must have 
facilities to allow him to enter control 
loops in an emergency), or as a moni- 
tor—as far as possible monitoring 
should be automatic. 

He then went on to discuss man- 
ning, and put forward the proposition 
that ‘one mind in control’ was cor- 
rect; one man must see everything, and 
all controls should be as accessible as 
possible. The man must control the 
system and not the system the man. 
From this it follows that the control 
room can be relatively small and 


Middlesex) has been formed jointly by 
Soil Mechanics Ltd (a member of the 
Mowlem group) and Griffin & George Ltd, 
to provide a service in connexion with 
engineering laboratories. 


Denison Loxswitches by R. B. Denison 
Manufacturing Co., U.S.A., are to be 
manufactured in this country by Expert 
Industrial Controls. 


Opperman Gears Ltd (gears, geared motors, 
reduction and worm gears) having export 
orders to the value of £0-5m, have formed 
a subsidiary, L.S.A. (Exports) Ltd, to 
handle exports within the group. 


viation instrumentation, information 
on demand, and information storage, 
putting forward a number of interest- 
ing ideas on how this information can 
best be presented. 

This particular ergonomics study 
has not been carried out in connexion 
with a named reactor plant, but it is 
to be presumed that G.E.C. will be 
utilizing some of these ideas in the 
course of time. 


Controlling ballistic 
missiles 


CORRECTION: We apologize for errors 
in the footnote on p. 102 of last 
month’s issue. These arose from 
printers’ difficulties with the dot 
notation for time derivatives. We 
repeat equation (3) below in d/dt 
notation. 
d?@ : 
Crs = — TIsinZ (3) 


The correction to the caption of 
Fig. 2 may be clarified by stating 
that d*y,/dt? was intended, not 
dy,/dt.—eDITOR 
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borrowing... 
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then you’re 


More permanent capital is 
what you need — 

|1C F C can provide 
long-period loans on fixed 
terms, and share capital, to 
businesses in Great Britain 


Set up by the English and 
Scottish banks in 1945, 
Industrial & Commercial 
Finance Corporation Ltd 
has provided 

£70 million to nearly 

1000 companies 





‘CAPITAL FOR BUSINESS’ 
which explains what the 
Corporation can do 

will be sent on request 





LONDON 


7 Drapers’ Gardens, EC2 
National 8621/5 


and branches in 
industrial centres 
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AMPEX Instrumentation Tapes 
are premium quality magnetic tapes 
designed for analogue recording 
by any of the basic techniques. 
Magnetic properties include high 
sensitivity, and a wide dynamic range 
with a stable output throughout 
the life of the tapes. Exceptionally 
smooth, hard surfaces provide 
cleaner operation with less oxide 
shed, offering greater reliability 
and reduced maintenance. These 
tapes are available in configurations 
for a wide variety of applications. 


| They are offered on acetate or Mylar* 


backing films, in thicknesses of 0.6, 
1.0 and 1.5 mils, and in various 
widths and lengths. All are supplied 
on high-performance Ampex 
Precision Reels or on NAB-type 
reels. For application information 
write to Ampex Great Britain 
Limited, Arkwright Road, Reading, 


sewn Berkshire, England. [AMPEX| 


ENGINEERING 


Marine Welding 
& Nuciear Energy 


OL TRA Lt), | 
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The name that counts 


in High Pressure 


Ermeto high pressure valves are available N. Mi 
Engine 
Catho 
variety of liquids and gases. Standard vaives AEL 


in many types and sizes for use with a wide 


incorporate Ermeto end connections and thus Divisic 
simplify their installation in high pressure was W 
a Unit 


the (th 
tested to one and a half times their working In 194 


circuits. All Ermeto vaives are individually 


pressure before leaving the works. Valve 
The valves are manufactured in mild steel, 

stainless steel and high duty bronze. 

A large variety of vaives with non standard 

end connections are also produced to suit 

customers’ individual requirements. 

Our technical staff are always ready to 

provide further information and will be happy 


to forward a copy of the Ermeto catalogue. 


BRITISH ERMETO CORPORATION LTD 


| “4 a = | O HARGRAVE ROAD - MAIDENHEAD - BERKS - Tel: MAIDENHEAD 5100 


A member of the ALENCO Group of Companies 
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products 
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PEOPLE 
IN CONTROL 





by Staffman 


N. McAdam, who has just become Chief 
Engineer of the Industrial Valves and 
Cathode Ray Tubes Department of the 
A.E.I. Radio and Electronic Components 
Division, is a man of wide experience. He 
was with Reyrolle, as a student apprentice, 
a Unit Foreman with Mullard, and joined 
the (then) Edison Swan Electric Co. in 1935. 
In 1940 he was placed in charge of Mains 
Valve Development, became Chief Factory 





McADAM 
valves 


PLEETH 
crystals 
Engineer in Sunderland in 1947 and Divi- 
sional Chief Inspector for the Edison Swan 
Group of factories in 1955. He joined 
Copeland and Jenkins as General Manager 
in 1958 and became a director in 1960. 
Turning to A.E.I. (Rugby), I hear that 
D. Edmundson, General Manager, Rugby 
Works, has been appointed Manufacturing 
Manager of A.E.I. Electronic Apparatus 
Division in succession to the late E. T. W. 
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Barnes. The new Manager at Rugby Works 
is G. P. Thompson, who was Manager- 
Manufacturing at Rugby. 

Incidentally, last month the Rectifier 
Engineering and Semiconductor Engineer- 
ing Departments of the A.E.I. Heavy Plant 
Division were merged to form the Power 
Rectifier Engineering Department. This en- 
tailed some reorganization: Dr J. C. Read 
has relinquished the position of Manager, 
Rectifier Engineering Department, to be- 
come Divisional Consultant, Rectifiers; 
and W. D. Sinclair, Manager of the old 
Semiconductor Engineering Department 
becomes Manager of the new Power Recti- 
fier Engineering Department. 


Well known in electronics circles, Michael 
J. Pleeth has been appointed Marketing 
Manager of Brush Crystal Co. He joins them 
from Plessey where he has held several 
senior positions since leaving the navy in 
1947. 


The Firth Cleveland Group has become one 
of those multiple organizations which have 
so many branches to their family tree that 
they are difficult to disentangle. I hope that 
the situation will become clearer now that 
Graham Cooke, a director of Solartron, has 
been appointed Group Publicity Director. 
There has been a rash of new appointments 





within the Group. Stanley H. Goss and 
L. G. Oxford have been appointed Joint 
Managing Directors of Firth Cleveland 
Instruments. Goss became Assistant Manag- 
ing Director of Simmonds Aerocessories, 
in January 1960 and a director of Firth 
Cleveland Pumps in 1959. 

There have been three appointments to 
the Board of the Solartron Electronic Group 


recently, R. Catherall becomes Director of _ 


Research and Development, H. D. Binyon 
Director of Product Sales, and L. Malec 
Director of Systems Sales. Catherall was at 
Rotol, concerned with propeller vibration, 
Pametrada, where he started and built up 
the Electronics Department, Smith's, on 
automatic pilot design, and joined Solartron 
Laboratory Instruments in 1952. He was 
responsible for the design of the Solartron 
transfer function analyser. In 1957 he was 
appointed Director of Solartron Research 
and Development. Binyon was at the 
Cavendish in 1947, then at Elliott Bros and 
Muirhead, joining Solartron in 1952. He 
became Director of Solartron Laboratory 
Instruments in 1955. Malec has an aviation 
background. He was with the R.A.F., 
concerned with synthetic training in British 
European Airways, was Deputy Managing 
Director of Air Trainers Ltd, and was 
appointed Managing Director of Solartron 
Radar Simulators on 1 January 1959. 


I see that Clifford Metcalfe, Managing 
Director of E.M.I. Electronics, is to give up 
that position on 1 July, and will be suc- 
ceeded as M.D. by the present Deputy 
Managing Director, Percy A. Allaway. 


METCALFE 
relinquishing 


Apparently Metcalfe, who will remain a 
full-time director of Electric & Musical 
Industries Ltd and concerned mainly with 
initiating new product policy, wanted to 
relinquish the job. He started with Bristol 
Aeroplane on engine design, and joined the 
Gramophone Co. in 1930 as a mechanical 
designer. Metcalfe became a director of 
E.M.I. Engineering Development in 1946, 
Managing Director in 1954 and E.M.l1. 
Electronics’ M.D. in 1956. Allaway has 
parallelled Metcalfe’s career: he also 
joined the Gramophone Co. in 1930, spent 
the war years designing radars etc., and 
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ALLAWAY 
succeeding 





then transferred to E.M.I.’s domestic side 
for work under Metcalfe. Allaway became 
General Manager of E.M.I. Engineering 
Development in 1953, and Works Director 
in 1956. When Metcalfe formed E.M.I. 
Electronics, Allaway became Works Direc- 
tor of that company, and Deputy 
Managing Director in 1957. 


Two engineers have been appointed to the 
Board of the Leigh-on-Sea firm, M.T.E. 
Control Gear Ltd, B. L. Bardell and 


N. H. Olley who become Joint Technical 
Directors. Bardell was Chief Electrical 
Engineer, and Olley Chief Design Engineer 
responsible for the design and development 
of M.T.E.’s range of control components. 


Expert Industrial Controls Ltd, of Ashby- 
de-la-Zouch, the company formed recently 
by amalgamating Sharp Control Gear and 
Electran Coil Co., have promoted their Field 
Sales Manager, H. J. Wigner to be Sales 


AUTHORS IN CONTROL 


Gordon A. Jones (You still have to con- 
vince the operator, page 82) has been 
with Honeywell Controls for fourteen 
years. After wartime experience as a 
Chief Petty Officer in the Electrical 
Branch of the Royal Navy, he joined 
Honeywell’s Perivale works, where he 
was in charge of the calibration and test- 
ing of electronic recorders and con- 
troliers. He has had many years as a 
‘trouble-shooter’, and became head of 
the Commission Section. Last year he 
was appointed Manager of the company’s 
Contract Supervision and Installation 


Department. Jones has given many lec- 
tures on commissioning and installation 
problems. 


A. P. Roberts (Self-optimizing control 
Systems, page 84) graduated in mathe- 
matics from Manchester University in 
July 1951. He became a Scientific Officer 
in the Guided Weapons Department at 
the Royal Aircraft Establishment, and 
was promoted Senior Scientific Officer in 
January 1957. Since June 1958 he has 
been Lecturer in the Control Section of 
the Electrical Engineering Department 
at the Imperial College of. Science and 
Technology. On 1 October, Roberts will 
take up the appointment of Senior Lec- 
turer and Head of the Department of 
Engineering Mathematics at The Queen's 
University of Belfast. 


Thomas B. Wearden (Selecting small 
servo-motors, page 90). See page 111, 
March 1961. 


G. H. Inglis (Control of blowers, page 
93) graduated in mechanical engineering 


from King’s College, University of Dur- 
ham, in 1949. He started an apprentice- 
ship with C. A. Parsons & Co. Ltd in 
1943, and was subsequently engaged on 
gas turbine design and development with 
Parsons, being attached to the National 
Gas Turbine Establishment, Pyestock, 
from 1950 to 1952. Inglis was attached 
to A.E.R.E. Harwell, and the Department 
of Atomic Energy, Risley, from 1952 to 
1955, and engaged on the Calder Hail 
project. He returned to Parsons on the 
formation of the Nuclear Power Plant 
Co. and was appointed Chief Mechanical 
Engineer in 1956. He was concerned 
with Bradwell, Latina and Dungeness 
nuclear power stations, and joined the 
U.K.A.E.A. Production Group in 1960 as 
Deputy Chief Engineer (Fuel Elements). 


M. G. Hartley (Versatile analogue com- 
puter for g.w. studies, page 98) graduated 
in mechanical engineering in the Faculty 
of Technology at Manchester University 
in 1953. After a practical training in in- 
dustry with Simon Handling Engineers 
Ltd, Stockport, he returned to the 
Faculty of Technology in 1954 as a 
research student in the Electrical Engin- 
eering Department. He received an 
M.Sc. Tech. degree in 1956 for work on 
the secondary-emission properties of 
cathode-ray tubes. During the years 
1956-8, he was a development engineer at 
Ferranti Ltd, Wythenshawe, Manchester. 
Hartley is now a lecturer in the Electrical 
Engineering Department of the Faculty 
of Technology at Manchester University. 
His special interest at present is an 
Tsograph machine for the determination 
of the roots of algebraic equations. 


G. B. Marson (co-author with I. C. 
Hutcheon—below—of Electronics in ind- 
ustrial process control, page 102). See 
page 111, March 1961. 


I. C. Hutcheon. See page 111, March 
1961 


P. F. Blackman (Pole-zero approach to 


system analysis, page 106.) See page 126, 
November 1960. 


Manager, and their Chief Draughtsman, 
E. Mason, Chief Engineer. 


J. Bell, the new Managing Director of the 
G.E.C. subsidiary, M-O Valve, in succes- 
sion to G. A. Marriott who retired on 
1 April, joined G.E.C.’s Wembley labora- 
tories (now the Hirst Research Centre) 
in 1929. He was responsible for all thermio- 
nic valve research work at Wembley, 
became deputy to the Director in 1951, 
and an M-O Valve director in April 1960. 


S. Handel (Semiconductor developments, 
page 109) was at Regent Street Poly- 
technic and University College, London. 
He joined Standard Telephones and 
Cables, North Woolwich, as a junior 


HARTLEY 


HANDEL 


engineer in 1938, designing components, 
a.c. bridges and measuring equipment, 
and carrier equipment. In 1946 he joined 
E.M.I. Engineering Development as 
senior engineer in charge of component 
design for v.h.f. transmitters, mobile 
radio-telephones, and military and 
marine radars. Since 1955 he has been 
an independent consultant specializing in 
semiconductor devices and _ electronic 
techniques in industry. 


N. G. Meadows (Determination of time 
constants from a transient response, page 
115) studied part-time at Bristol College 
of Technology while employed by the 
Admiralty as a design draughtsman on 
fire-control projects. A full-time course 
in technical teaching at Garnett College 
followed, qualifying him for a lecture- 
ship in power engineering at Twickenham 
Technical College from 1952 to 1955. He 
then entered industry as a patents engi- 
neer, and carried out technical liaison 
between the head office and works of 
Redifon, being concerned with flight 
simulators and _ electronic controls. 
Leaving Redifon in 1956, Meadows took 
up his present post at Wimbledon Tech- 
nical College, where he has been largely 
responsible for the initiation and orga- 
nization of courses for N.H.C. students 
and graduates in control systems and 
analogue computers. He is also visiting 
lecturer in control systems at Crawley 
College of Further Education. 
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ADVERTISERS ANNOUNCEMENT 


Electrical Aids in Industry 


Electric Motors & Controls 1 


Most manufacturers today employ electric motive 
power through individual drives, which, among 
their many advantages, permit the right type of 
motor to be used for each of various types of 
machine. The range of motors available—each with 
its own characteristics—is very large, and the factory 
executive could well be guided in his choice by the 
expert views of the motor manufacturer, the install- 
ing engineer or his Electricity Board’s engineer. 
The characteristics of the main types of motor are 
briefly summarised below. 


Squirrel-cage Motors 


These are the most straightforward and simple in 
design, and are therefore relatively cheap and robust 
in character. They should be considered for general 
duties and, in conjunction with variable-speed gears 
or couplings, for applications requiring variable 
speeds, e.g. for crane drives. Small sizes can be 
switched direct-on-line. 


The squirrel-cage motor is very suitable for 
individual drive of each motion of single-purpose 
machine tools where the motor horsepower can be 
precisely specified. It is suitable for driving pumps, 
fans, lifting hoists and woodworking machines. 
Textile machinery represents another field of use. 


Slip-ring Motors 


The chief advantage of the slip-ring motor is a very 
low starting current for a given torque, e.g. full-load 
torque at starting with a current about 10% above 
full-load current. This makes it suitable for applica- 
tions requiring a prolonged starting period with a 


ey 


load of high inertia. It also permits of speed variation 
below synchronous speed, though with some loss of 
efficiency. Typical applications include fans, pumps, 
heavy lathes, grinders and boring mills, as well as 
calendering machines, cable-laying-up machines and 
mine hoists. 
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Three-phase A.C. Commutator Motors 


The main characteristic of this type is variable- 
speed with uniform and gradual acceleration and 
good efficiency over the speed range. Paper 
manufacture provides excellent examples of its use, 
e.g. in paper-making, reeling, cutting, calendering, - 


A.C. commutator motors are recommended for 
mechanised bakeries and for cranes and hoists where 
very slow speeds are frequently needed. 


Synchronous Motors 


These are constant-speed motors. One particular 
advantage is that they can be operated at unity or 
even at leading power factor to correct a system 
suffering from lagging power factor, and perhaps so 
qualify for a reduction in the electricity bill. Pump 
and compressor drives are typical uses to which they 
can beput. Theyare alsoused in motor-generator sets. 


Single-phase A.C. Motors 


In general, single-phase motors are used in light 
industries for drives not requiring more than about 
five horsepower or where a three-phase supply is not 
available. While their use is mainly limited to work 
of a light nature, they do fill a need in such duties as 
sewing-machine drives, portable hand tools, window 
opening and closing gear, etc. 


Direct Current Motors 


For a completely unfettered performance where wide 
ranges of speed variation, high rates of acceleration 
and powerful dynamic braking are all-important, the 
D.C. motor is unrivalled. This means in effect the 
installation of an A.C.-D.C. motor-generator set or 
rectifier to give the necessary supply, but the 
increased cost may well be compensated by the 
improvement in productivity. When variable voltage 
is applied to the armature, a wider speed range is 
obtainable than with any other type of motor. 
Typical applications of the D.C. motor are: cranes, 
haulage and tippler equipment, certain machine tools 
requiring a large speed range and smooth accelera- 
tion, high-speed printing and steelworks drives. 


For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association,2 Savoy 
Hill, London, W.C.2. TEMple Bar 9434. 

They can offer you excellent reference 
books on electricity and productivity (8/6, 
or 9/- post free)—‘“‘Electric Motors and 
Controls” is an example. 

E.D.A. also have available on free loan 
within the United Kingdom a series of 
films on the industrial uses of electricity. 
Ask for a catalogue. 
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ARGROVE 


ELECTRONIC 


The Development team 
discuss the design details 
of the prototype 


47 D. 


The Sargrove Electronics Laboratory devel- 
opment organisation by close co-operation 
with the Industrialist, the automatic machine 
builder and the production engineer is able 
to provide economical solutions to a wide 
variety of automation problems in the fac- 
tory. From many years accumulated experi- 
ence combined with the most modern tech- 
niques our Development Teams can offer a 
unique service to industry. 


The saving in production cost brought about 
by the introduction of this kind of specially 
developed control equipment invariably 
justifies the capital outlay in a very short 
while, therefore you can consult Sargrove 
Electronics with every confidence, If you 
have an automatic production or inspection 
problem—send the details to us! 


Development 
Service 


Inexpensive stock 
equipment made 
under the registered 
trade names of 
“COUNTEC”, 
“REGISTEC” 


and 

“PHASITRON” 
provide the facility 
toconstructa 
number of simple 
control systems 
using Photo Elec- 
tric and electronic 
timing techniques 
for all kinds of 
purposes—send for 
details. 
Also special pur- 

ose Turbidity 

eters, _reflecto- 


meters, etc. to order. 


Full descriptive literature from the designers and 


manufacturers of these British made products 


SARGROVE ELECTRONICS LIMITED 


ALEXANDRA ROAD, HOUNSLOW, MIDDLESEX. Telephone: HOUnslow 7001/3 


ECONOMICAL 
Temperature Control 


The Cambridge high standards of accuracy and relia- 
bility are available in this recording controller and the 
price is thoroughly competitive. Temperatures between 
minus 75°C and plus 600°C (minus 100°F and plus 
1,100°F) are covered, using either a mercury-in-steel or 
a gas-filled system. It is made in three main forms—for 
electrical, pneumatic or hydrostatic operation, the latter 
two being suitable where flame-proof restrictions apply. 

The controller is single or double (as illustrated) and 
one system of the latter can also be used to control 
pressure. Alternatively, the instrument can be arranged 
to give programme control, and provision is made for 
the operation of visual or audible alarms, timers or 
other mechanical devices, 

Charts (10 inches diameter) are available for 12 hrs, 
24 hrs, 7 days or other durations. 


SEND FOR LIST CD 334 
For future publications, ask for mailing form CD/4/61 


THERMOGRAPH 
CONTROLLERS 


CAMBRIDGE INSTRUMENT COMPANY LTD 
13 Grosvenor Place, London, S.W.1 
1961 
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A product review for the control and instrument engineer 


For further information, circle the appro- 
priate number on the reply card facing 
page 162. 


BATCH COUNTER 


rapid and easy modification 
Units made by the Electronic Machine 
Co. have been re-designed to give a flex- 
ible form of basic instrument. Use of 
comprehensive printed circuitry allows 
the basic instrument to be taken from 





Flexible 


stock and the necessary components to 
meet a specific requirement to be added 
in only a few minutes. 

Counting speed is up to 20,000 per 
minute and the circuit is easily modified 
to cater for dual inputs, magnetic pick- 
up inputs, photocells etc. The unit is 
made for rack, panel, or case mounting 
to standard G.P.O. sizes. 

Circle No 520 on reply card 


TOWE-TELEMETRY EQUIPMENT 


thirty channels 


Transistorized tone-telemetry equipment 
by Elliott is intended for the frequency 
division multiplexing of tones in the 
band 300-3000 c/s over a single tele- 
phone or radio link. Thirty channels of 
information may be transmitted simul- 
taneously; five of these may be used’ for 
control purposes, the control signal being 
a 50-c/s modulation superimposed on the 
cartier tone. 


The system is built up from standard 
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plug-in units mounted on 19-in panels. 
Tone generators and receivers, mixer and 
receiver amplifiers, and ancillary equip- 
ment such as power packs, can be 
assembled to form out-stations or con- 
trol stations as’ necessary. The system 
works from a 24-V d.c. supply, and a 
sealed battery-unit will give two hours’ 
operation in the event of a mains failure. 

Circle No 519 on reply card 


CONTROL VALVES 


linear characteristics 


The Brodie 500 series range of control 
valves is now marketed in the U.K. by 
Gilbarco. The valves may be actuated 
by single or multiple pilots operated 
electrically, pneumatically, or hydrauli- 
cally. For electrical operation, solenoids 
can be supplied for most standard volt- 
ages (110V, 230V, etc.); for hydraulic 
or pneumatic operation the control pres- 
sure will in general be dependent upon 
product-line pressure. It is claimed that 
a single valve with multiple pilots will 
control flow and pressure and act as an 
on-off remote control and check valve. 

Sizes available are 2in to 12in, all 
valves operating at up to 600 Ibf/in® at 
ambient temperatures up to 150°F. 


Multifarious 





Although developed primarily for the 
petroleum industry, these valves will 
handle any compatible fluid. 

Circle No 522 on reply card 


PULSE SWITCH 


mechanically operated 


Honeywell’s 1.P.D.1. switch is intended 
for applications where momentary open- 
ing or closing of a circuit is necessary. 
When the plunger is depressed, the con- 
tacts are closed during a definite pre- 
determined length of travel of the 
actuating rod, adjustable from 0°03 to 
0'4S5in. The pulse-length is therefore 
determined by the speed of depression 
of the plunger. 

The switch is single-pole double- 
throw, and is rated at 10A at 480V for 


a.c., and OSA at 125V or 025A at 250V 





Impervious 


for d.c. The unit is impervious to oil, 
water, and dust, and life expectancy is 
5 million operations. 

Circle No 530 on reply card 


HIGH-PRESSURE PUMP 


output up to 4000 lbf/in? 


Available from Dowty is the Vardel 
piston-pump for industrial applications 
which gives hydraulic pressures up to 
4000 Ibf/in*. Output at 1500 rev/min is 
2°4 gal/min, the output being directly 
proportional to speed up to 3000 rev/ 
min. Incorporated is a control mechan- 
ism which reduces output flow to zero 
at a predetermined pressure and gives a 
high holding pressure at low power in- 
put without fluid overheating. A fixed- 
delivery version of this pump is also 
available. Circle No 523 on reply card 


LOW-FLOW CONTROLLERS 


gas or liquid 
Available from A.E.I.’s Instrumentation 
Division is a range of controllers which 
automatically regulate flows as low as 
1-47 cm'/min (s.t.p.) of gas, or 0°18 cm*/ 
min of liquid. There are two versions: 
one maintains a constant gas or liquid 
flow through any external needle-valve 
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irrespective of variations in downstream 
pressure; the other is for use when down- 
stream pressure is constant. Either ver- 
sion may be made in brass or stainless 
steel: brass models may be used at pres- 
sures up to 250 Ibf/in® and temperatures 
up to 180°F; stainless steel models are 
rated to 500 Ibf/in* and 250°F, or 390°F 
with reduced life. 

These controllers use feedback from 
the supply or downstream flow line to 


Automatic 


maintain a constant pressure-difference 
across a spring-loaded diaphragm: this 
regulates a valve plunger, hence flow to 
the needle valve. 
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DIGITAL VOLTMETER 


high input-impedance 
A transistorized digital voltmeter (series 
5000) made by Electronic Associates has a 
high input-impedance which does not de- 
pend upon a null condition within the 
instrument (i.e., does not change during 
measurement). An average of 200 readings 
per second may be achieved with an ac- 
curacy claimed to be +0-01% with respect 
to either an external reference, or to the 
internal zener reference which itself has an 
absolute accuracy better than 0°01 %. Three 
ranges cover 0 to 999-9V as follows: 0—9-999 V 
(input impedance 1000 MQ); 0-99-99 V (in- 
put impedance 1 MQ); 0-999-9 V (input 
impedance 10 MQ). 

An in-line in-plane projection system is 
used to display the four digits, decimal 
point, and automatically indicated polarity. 
Dimensions of the unit are 19} x 6} 
17} in. Circle No 528 on reply card 


PROXIMITY SWITCH 


inductive principle 


A unit by Donovan Electrical operates 
by inductive coupling, the detector head 
being completely sealed. A substantially 
flat metal surface, say 1 or 2 in’ in area, 
coming within about } in of the face of 
the head causes the relay to operate. (The 
relay is normally fitted with two change- 
over contacts rated 5A at 250V). Pro- 
vided that a sufficient flat surface is 
presented to the head, any type or thick- 


ness of metal will be detected, but swarf 
and metal dust will normally have no 
effect due to their small particle size. 
The switch will operate up to five times 
per second when using the internal re- 
lay, but faster operation may be obtained 
by using external static-switching equip- 
ment. 

The normal head is i4in diameter, 
and this is coupled by 6ft of coaxial 
cable to the control unit, which measures 
7 X 6 X 44in. Nominal value of mains 
supply is 230 or 400V a.c., but wide 
variations are permissible. Power con- 
sumption is about 6W. 

Circle No 524 on reply card 


PISTON VALVES 


electric or pneumatic operation 
A range of j-in B.S.P. valves is avail- 
able from Martonair for manual, electri- 
cal, or pneumatic operation. Operating 
pressure range (liquids) is 30—100 Ibf/in’, 
and the valves will handle 180 ft*/min at 
80 Ibf/in*; operating movement is 4} 
in. Designated §S.700, the valves are 
made from a high-tensile light alloy, 
and will carry most normal fluids. 
Circle No 525 on reply card 


QUICK LOOKS 


Selector switch. Made by Pye for fur- 
nace control, the lever of this joystick 
switch may be moved clockwise to select 


different furnace temperatures. A mecha- 
nical interlock prevents anti-clockwise 
movement, but the interlock can be 
arranged to allow movement in either 
direction over a predetermined number 
of positions. The unit illustrated has 
eight switching positions. 

Circle No 535 on reply card 


Circuit breaker. An earth-leakage circuit 
breaker by Chilton Electrical Products 
is available in ratings up to 100A. It 
has a prominent ‘test’ switch which, 
when depressed, immediately indicates 
earth faults. 

Circle No 539 on reply card 


Plastics valves. An addition to the range 
of Barfio all-plastics valves is the flap- 
type non-return valve. It can be made 
from most rigid plastics, the ‘flapper’ 
being made from Neoprene rubber. 
Circle No 517 on reply card 


Oscilloscope. A rack-mounting double- 
beam oscilloscope by Solartron, the CD 
1016, has two Y-axis amplifiers (d.c. to 


5Mc/s). Nine calibrated sensitivity 
ranges (accuracy + 5%) cover 100m\ 
cm to 50V/cm. Time base range is 
lcm/us to 2cm/s. Input impedance is 


IMQ and 30uuF, and inputs may 
‘float’ up to + S500V relative to chassis 
for displaying signals isolated from 
earth. Circle No 518 on reply card 


Batch counters, with 2, 3, 4, or 5 Deka- 
tron tubes, are available from Pentech- 
nique. They will count up to a total of 
99,999, at counting rates up to 5000 
per second. Input may be from photo- 
electric or magnetic pick-ups. 

Circle No 515 on reply card 
Grid-controlled rectifier. The Ediswan 
21B12 xenon-filled grid-controlled recti- 
fier has a heating-time of about 30s. 
Maximum peak forward and reverse 
anode voltages are 1°0kV and 1°25kV 
respectively, and maximum = mean 
cathode current is 2°5A. Control ratio 
is 200:1. Circle No 516 on reply card 


Potentiometers. Low-torque precision 
potentiometers by Miles Electronics are 
available with resistances from 5000 to 
100kQ; rating is 45W. For resistances 
above 10kQ, starting torque is Sgf cm; 
for resistances below 10kQ, _ starting 
torque is 7gf cm. The MCD 20 is 2¥4 in 
o.d. by lin deep, and may be supplied 
with up to 33 tappings. 

Circle No 536 on reply card 
Servo-valves. Electrohydraulic servo- 
valves designed by Pegasus (U.S.A.) are 
to.be manufactured in the U.K. by Tele- 
hoist. Flow capacities range from 5 to 


60 gal/min, at pressures up to 3000 Ibf/ 
in’. These valves are intended for use 
where weight is an important factor, the 
largest weighing only fifteen ounces. 
Circle No 538 on reply card 
Resistance bridge. Startronic’s low-resis- 
tance measuring bridge, model 100, 
measures resistance from 0050 to 
50kQ in five ranges. The calibrated dial 
is 4in diameter, and the null indicator 
is a moving-coil mirror-scale meter. Two 


CONTROL April 196! 












me 
POWER 
TRANSISTORS 


2 TO 30 WATTS DISSIPATION AT 100°C 







OUTSTANDING FEATURES 









* Extremely low saturation resistance * High beta at high current 
* High current and power dissipation ratings %* High temperature performance (up to 175°C) 





MEDIUM POWER TYPES 





LOW POWER TYPES HIGH POWER TYPES 









XC703 XC713 XC723 
Maximum collector/base voltage (volts) oo ee “ ti 60 60 60 














Maximum emitter/base voltage (volts) ..  .. .. ..  «. 12 12 10 
Minimum hee (Voce = 4V, I, = 200 mA) we Ls ae =e 15 — — 
(Vee = 4V, 1, = 750 mA) [ee eke — 15 — 
Wa @ SV, OLS Ae ca cee ks te — — 10 
Average fz (Vep = 28V, I, = 5 mA) (Me/s) Reena 1.5 — — 
(Vp = 28V, I, = 5 mA) (Me/s) eae pal! — 1.25 -- 


(Vep = 12V, I, = 100 mA) (Mc/s) 





Have you our latest transistor data sheets? A request on your business notepaper will bring you a set made up to date. 


EDISWAN SEMICONDUCTORS 


MAZDA Associated Electrical industries Ltd 
Radio & Electronic Components Division 

Semiconductor Department 

155 Charing Cross Road, London, W.C.2 Telephone: GERrard 9797 
Tars/87 
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Servo Power fE 
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in New Taylor TRANSCOPE Transmitter Hie 


its all 
ordin: 
will t 


Air-li 


Ahigh-accuracy, low-cost, motion-balance 
pressure transmitter 


Taylor's new integrated line of pneumatic 
transmitters features servo-driven indication as 
an option on the indicating model. This provides 
ample power for process alarms — and other 
auxiliary functions such as digital encoders and 
potentiometers — with no loss of accuracy in the 
transmitted signal. Not only does it satisfy today's 
requirements ...it provides for possible future 
needs. Other important features of the 
TRANSCOPE 210T include: 


% High accuracy. Transmitted signal is within $% of the input 
signal. Indication is within + 1% of actual value. 


% Exceptional readability. Big 113” long concentric 270° 
scale can be read easily at 25-35 ft. Yet case measures only 
T aaa 


*% Threshold sensitivity. 0-1°% of input span. Low-friction 
drive mechanism permits accurate handling of low-energy input 
signals. 


% Designed for easy maintenance. Only 3 basic parts. A 
high quality encapsulated motion amplifier; single-packaged 
pneumatics ... servo-powered follow-up and relay valve; inter- 
changeable, time-tested actuating elements. 


% Lower inventories. Benefits large users of instruments by 
utilizing actuating elements which are common with FULSCOPE 
and other Taylor indicating, recording and controlling 
instruments. 


% Conveniently calibrated. Diagonally-split case makes 
all adjustments easily accessible by merely removing cover. 


% Weatherproof case. Hammered grey enamelled finish on 
die-cast aluminium case... designed for field installation. 


% Adaptable mounting. Universal bracket permits wall or : * READ IT UP T0 35 ft! 


pipe installation. 
Diagonally-split case permits calibra- 
tion adjustments to be made without 


% Non-indicating model (211T) has same performance as removing dial. 


210T ex for indicati 
ee Single-package pneumatics . . . servo- 
powered follow-up and relay valve, 
encapsulated movement and actuating 
For full details of this new transmitter please contact: aa } element are easily removable, 


replaceable. 


Enquiries also welcome for instruments 
e e for measuring volumetric pressure, 
volumetric load and temperature, 


which will be available later. 


Hale End Road, Walthamstow, London, E.17. Telephone: Larkswood 5533. A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., USA. 
INSTRUMENTS OF THE FUTURE WILL HAVE SERVO-POWER—TAYLOR HAS IT NOW! 
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further models are the 108, covering 
0-0'16 Q in a single range accurate to 
+ 00010 or + 2% depending on the 
part of the scale in use, and model 110, 
which is a comparison bridge directly 
calibrated + 10%. 

Circle No 534 on reply card 
Universal solder. A fiuxless solder made 
by Industrial Synthetics (Overseas) Ltd 
will work effectively on aluminium and 
its alloys as well as standard metals. An 
ordinary iron may be used, as the solder 
will take at about 210°C. 

Circle No 540 on reply card 


Air-line lubricators. Martonair’s lubrica- 
tors are claimed to provide a constant 
proportion of oil mist over wide air- 
flow ranges. At a pressure of 80 lbf/in’, 
the ML2 (4-in B.S.P. ports) will handle 
2-30 ft?/min and the ML3 (4-in B.S.P. 
ports) 2-100 ft*/min. 

Circle No 526 on reply card 


Digit selector-switch. A wafer-thin 
switch, which can be mounted on edge, 
is available from Armstrong Whitworth 
Equipment. It has ten positions, the 
contact segments being etched copper 
foil, rhodium-plated, or Bakelite lami- 
nate. These switches may be installed in 
rows in any number of banks, position 
numbers on the front edge giving in- 
line indication of switch positions. 
Circle No 527 on reply card 


Control valve. The Masoneilan 20,000- 
series heavy-duty single-seat control 
valve is available from Crosby Valve, 
screwed } in to 2 in, with trim sizes from 
tin. to 2in. Heavy top-guiding of the 


PUBLICATIONS 
RECEIVED 


An automatic 1000 channel read-out 
system by R. L. Elliott. A.E.R. Har- 
well. 1960. 26 pp. 4s. 6d. * 548 


A device for the synchronisation of two 
dropping mercury electrodes by W. H. 
Lockwood. A.E.R.E. Harwell. 1960. 7 pp. 
Is. 9d. * 549 


Adaptive control systems. Edited by Eli 
Mishkin and Ludwig Braun, Jr. McGraw 
Hill Publishing Co. Ltd. 1961. 533 pp. 
£6 8s. * 550 


Gas gain drift in a gas flow X-ray pro- 
portional counter; a method of stabilisa- 
tion by C. E. Mellish and J. A. Payne. 
AE.R.E. Harwell. 1960. 9 pp. * 551 


The Engineer Buyers Guide 1961. 
anne Brothers (Publishers) Ltd. 984 
Pp. . 


* 552 
Gear unit. A light duty gear-unit for 
use with certain of their wrench- 


Operated valves is described in publica- 
tion 609 from Audco. * 553 
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plug is claimed to eliminate the need for 
orthodox bottom-guiding, so reducing 
turbulent flow. 

Circle No 537 on reply card 


Encoding system. The BEL-5 angle en- 
coding system, developed by United Air- 
craft’s Norden Division (U.S.A.), is 
available in the U.K. from Ketay. The 
system divides a single shaft-revolution 


Miniature time-indicators are the sub- 
ject of a leaflet from Haydon (U.S.A.). 
* 554 


* Semiconductors. G.E.C.‘s Semiconduc- 


tor Device Guide, January 1961, contains 
brief specifications of their entire range. 

* 555 
Gyro compass. An illustrated booklet 
from Sperry gives details of their Mark 
XX compass. * 556 


Silicone compound MS4 by Midland Sili- 
cones is the subject of publication re- 
ference C6 Ed.4. * 557 


Recorders by Everett Edgcumbe are 
described in their illustrated catalogue 
No 301. * 558 


Etched-wiring circuits are the subject of 
a leaflet from Printed Circuits Ltd. 

* 559 
Telecommunication measurement equip- 
ment is described in detail in a 171-page 
catalogue from Marconi Instruments. 

* 560 
Nuclear health. A short catalogue from 
E.M.I. gives details of radiation moni- 
tors designed for personnel protection. 

* 561 
Power supplies. Catalogue No 401 from 
Invar Electronics (U.S.A.) gives com- 
plete specifications of their range of 
transistorized power supplies. * 562 


¥% Circle the relevant number on the reply card facing page 162 for further information 


into 360,000 parts, and provides parallel 
real-time outputs in three forms: elec- 
trical 8-4-2-1 binary-coded decimal; 
electrical: straight decimal; visual deci- 
mal on neon tubes. Total weight is 140 
pounds, and power requirement is about 
6S50W. Circle No 531 on reply card 


Thermocouple wires. The range of Ther- 
mocoax miniature thermocouple wires 
has been extended by two smaller sizes 
with outside diameters of 0°34mm and 
0°25 mm respectively. They are available 
from Research and Control Instruments — 
in limited continuous lengths up to 6m, 
in stainless steel sheaths. 

Circle No 532 on reply card 


Miniature relays. Very small relays by 
Guardian Electric (U.S.A.) have stan- 
dard contact ratings of 3A at 125°C. 
They will switch currents down to 10 uA 
at 30mV. Circle No 521 on reply card 


Power supply. A transistorized power 
supply by Invar (U.S.A.) gives an output 
of 0-36V d.c. at 30A. Line regulation is 
10mV max., load regulation is SmV max., 
and ripple is 1‘O0mV max. The TP-30 
is 7in high by 20in deep, and will 
mount in a standard 19-in rack. 

Circle No 529 on reply card 


ERRATUM 


Linear measurement: we regret an error 
in the accuracy quoted in last month’s 
issue for the Reilly Engineering displace- 
ment transducer (p. 137). The accuracy 
claimed by the makers for a 1-in dis- 
placement is + 0°00003 in, not + 0°0003 
in as stated—EDITOR. 


Tin research. The 1960 annual report of 
The Tin Research Institute gives details 
of research and development in the U.K. 
and overseas. * 563 


‘Dry pneumatics’ is the title of a book- 
let from Birlec describing their adsorp- 
tion driers. * 564 


Resistance welding. Materials for elec- 
trodes made by Johnson, Matthey are 
fully described in their leaflet, No 7200/3. 

* 565 


Annual report of Texas Instruments 
(U.S.A.) contains the financial statement 
for 1960 and details of current activity. 

* 566 


Resistors for steelworks duty are listed 
in publication No FP121 from Fawcett 
Preston. * 567 


Bin controller. The Leveltron multi-point 
automatic controller is described in a 
leaflet from Thomas Industrial Auto- 
mation. * 568 


Pivoted disk valve. The Winn Flexiseat 
valve is the subject of folder WF1 from 
the B.W. Valve Co. * 569 


Electric furnaces for all industries by 
Metalectric are illustrated in their bul- 
letin No M.1. * 570 




















































Servo-mechanisms 


Principles of Servomechanisms by A. Tyers and R. B. Miles. 
Sir Isaac Pitman & Sons Ltd. 1960. 176 pp. £1 5s. 


This book is addressed to junior and maintenance engineers and 
would-be servo-mechanics students with a mathematical and 
electrical theoretical background at about C. & G. Intermediate 
or O.N.C. level. The book begins with accounts of typical 
systems, together with a qualitative and graphical discussion of 
transient response, including the effects of acceleration and 
rate feedback. Unfortunately the authors have erred on the 
side of over-simplification to such an extent that quite erro- 
neous impressions could be conveyed; e.g. on page two the 
authors refer to open-loop servo-systems, which is surely a 
contradiction in terms, and to closed-loop servo-mechanisms, 
which is tautological. At times it is not clear whether the term 
‘input’ refers to the command signal or to the error, as e.g. 
on page six, line 27, where, if ‘input’ is replaced by ‘error’, 
the correct sense is conveyed. 

Many of the transient response diagrams are incorrectly 
drawn, e.g. Figs. 1.6; 1.8; 2.2; 2.3 etc. In the types of systems 
referred to, on applying a step input the initial velocity of 
the output must be zero, as accelerating torques are finite, 
so that error and output curves should start with zero gradient 
at the origin. This is particularly important in Fig. 2.2 where 
a derivative curve is plotted, unless this is intended to apply 
to an arbitrary time value. Damping and velocity feedback 
are considered as separate entities, and the discussion here 
begs the whole question: it is difficult, for example, to see the 
relevance of Fig. 2.3. Several other errors of fact occur: in the 
section on error detectors, pick-offs generally are referred to as 
error detectors. In Fig. 3.9 the motor field is omitted. 

The chapters on synchro elements, magnetic amplifiers and 
modulators are useful and instructive, and that on analogue 
computing also, although the integrator, perhaps the most 
important part of an analogue computer as such, is omitted. 

This book could profitably be read by a newcomer to the 
field, particularly the later chapters, but the inconsistencies in 
the early part of the book might well deter the more critical 
reader. N. G. MEADOWS 


Translation 


Automatic Language Translation by A. G. Oettinger. Harvard 
University Press, London: Oxford University Press. 1960. 
380 pp. £4 

The main contribution of this book to the problem of machine 
translation is its detailed description of the methods of diction- 
ary search which are most appropriate when the dictionary 
is stored on magnetic tape. This restriction of the storage 
medium to sequential rather than random access involves, 
almost inevitably, the pre-sorting of text into a set of words 
in alphabetical order and the re-sorting of the information 
given by the dictionary into the original word order so that 
contextual information can be used. 

Oettinger first describes information-processing machines in 
general and then gives a detailed account of the instruction 
code of Univac 1. A rather dull chapter on ‘the structure of 
signs’ follows, in which various self-evident features of coding 
—and particularly the coding of the Cyrillic alphabet—are 
discussed. This is succeeded by an account of automatic cod- 
ing with particular reference to machine translation. 

These preliminaries having been discussed, the problems of 
translation receive attention, and here the book becomes inter- 





esting. There is a detailed account of the work carried out at 
Harvard to construct an automatic Russian-English dictionary, 
and also examples of the results of its use. Much useful, and 
hitherto unavailable, linguistic-statistical information is pre- 
sented, and the whole shows that a great deal has been 
achieved by the author and his group. 

The. book will be invaluable to all workers in the field, 
but since it presents a definitive description of one successful 
technique rather than a survey of many possible ones, it will 
be of less utility to the non-specialist. A. D. BOOTH 


Dictionary of Automatic Control by Robert J. Bibbero. 
Reinhold, New York: Chapman & Hall, London. 1960. 282 pp. 
£2 5s. 


‘ The language of technology is, after all, a living language ’, 
says Mr Bibbero in his preface to this new American diction- 
ary. Disclaiming any intention to produce ‘merely another 
glossary or a compilation of ultra-precise definitions *, he adds 
that he has set out to explain and discuss the important topics 
in the field of automatic control. He has probably succeeded 
better in his negative than in his positive objective, but that 
was to have been expected. The book is a small one, restricted 
to something over 500 ‘ expanded definitions of automatic con- 
trol terms’, and it is therefore not comprehensive. Thus, under 
V we find ‘ valve action’, ‘ valve capacity’ and ‘ valve charac- 
teristic’, and Mr Bibbero has—perhaps sensibly—left out 
‘valve’ itself. There is much cross-reference to avoid repeti- 
tion, and this sometimes causes a chain reaction that can be 
annoying. Those totally unfamiliar with the jargon may also 
be a little discomfited by a few of the more mysterious 
examples that they pass on the way (for instance, the formid- 
able ‘Tridop: see Dovap’ on p. 25). There are some 
formidable sets of initials too, printed without full stops and 
therefore occasionally quite confusing (e.g. ‘apt’, which is 
defined in this dictionary in a way that would raise the 
eyebrows of a lexicographer). In his preface Mr Bibbero 
picks ‘accumulator’ as a specimen of the kind of word that 
acquires several different uses: but in the body of his book 
he gives only two, the computer and hydraulic-pneumatic 
senses, and then (leaning over backwards to avoid the ‘ ultra- 
precise ’) he describes the hydraulic or pneumatic accumulator 
as a means of storing pressure. Perhaps it would have been 
wiser to lean toward the ultra-precise than the ultra-loose in 
a work of reference. In fact, occasionally the explanations 
become so loose that they disintegrate into near-waffle. 

A novel idea is the thesaurus-like index, which re-lists the 
entries under five main headings: theory, data processing, 
industrial control, aircraft etc. and telemetry, and components 
and design. If the exact word is not known, this index may 
help one to find it, A.E.E. 


Reliability 

Electronic Equipment Reliability by G. W. A. Dummer and 
N. Griffin. Sir Isaac Pitman & Sons Ltd. 1960. 274 pp. £2 5s. 
This book will be widely welcomed and could hardly have 
been published at a more appropriate time. From their 
eminence on component design the authors show that equip- 
ment reliability is much more than the correct use of the 
best components. The book provides a wealth of information 
on the analysis of faults, and the effect of environment on 
failure rates, then proceeds to discuss the reliability of stan- 
dard circuits and details design procedures, ending with 
methods of predicting and calculating the reliability of sys- 
tems. Although much of the information is derived from the 
military and missile fields it is clearly discussed on a cause- 
and-effect basis showing the effects of duty and environment 
on reliability. The book is, therefore, invaluable in the design 
of industrial control equipment although this is not its main 
intention. R, J. REDDING 
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Circle No 88 on reply card 


electronic 
equipment 
reliability 


by 
G. W. A. DUMMER and N. GRIFFIN 
Price 45/- net 


" . is a practical book which looks at components, 
circuits, and complete equipments from the point of view of 
their reliability. The fundamental techniques of design, con- 
struction, acceptance testing, and maintenance to achieve 
reliability are described, and there is an interesting chapter 
on the prediction and calculation reliability ... . Although 
tightly packed with information, the book is easy to read .. . . 
It is a book that has been a pleasure to review, and in my 
opinion it will not gather much dust on the library shelf.” 


Extracts from the review in the November Issue of 
The Journal of the Society of Telecommunications 
Engineers. 


* * * * 


From all booksellers 


PITMAN 
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BRADFORD 

THOMAS WRIGHT 
(BRADFORD) LTD.. 

85 Bower Street, Bradford 5 
Telephone : Bradford 28831-2 


NOTTINGHAM 
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MERCHANTS) LTD.., 

Canal Street, Nottingham 
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PERGAMON PRESS 
SELECTION 


THE DYNAMICS OF AUTOMATIC CONTROL SYSTEMS 


E. P. POPOV 


An exhaustive presentation of the principles of automatic control system 
containing descriptions of many systems with a minute working out of their 
performance at various possible levels of approximation. 


Approx. £6 ($20,00) 


AUTOMATIC CONTROL & COMPUTER ENGINEERING 
Volumes 1 and 2 

Edited by V. V. SOLODOVNIKOV 

These volumes contain a collection of papers compiled from a conference 
held by the Scientific-Technical Society of the instrument-making industry 
in the U.S.S.R., throwing light on the problems of analysis and synthesis of 


control machines and automatic control systems and on the principles of 
constructing the latest equipment for these systems. 


Approx. £5 ($15.00) each volume 


COMPUTER ENGINEERING 

Edited by S. A. LEBEDEV 

This volume contains a selection of informative and authoritative articles 
covering various aspects of computer engineering, viz: The power supply 
system of the high-speed electronic computer of the Academy of Sciences of 
the U.S.S.R.—new elements and units for computers—a method of control 
of the arithmetic unit—a method of selecting the required word from the 
dictionary in machine translation—present-day computer terminology. 


63s. net ($10.00) 


THEORY OF AUTOMATIC CONTROL 

M. A. AIZERMAN 

Presents certain aspects of the theory of automatic control, particular 
attention being focussed on the analysis of practical control systems. 
63s. net ($10.00) 


COMPUTING METHODS 
Volume 1 


I. S. BEREZIN and N. P. ZHIDKOV 


In the first volume of this work a study is made of operations with approximate 
numbers, the theory of interpolation, numerical differentiation and 
integration and uniform and r.m.s. approximations of functions. 


Approx. 63s. ($10.00) 


I, I. ETERMAN 
This book considers the theoretical problems connected with analogue 
computers. Particular attention is paid to the mathematical sections of 


analogue computer theory and full consideration is given to the various 


methods of applying the machines to secure the particular mathematical 
conditions for arriving at a solution. 


50s. net ($8.50) 


AUTOMATIC TRANSLATION 

D. Yu. PANOV 

This book gives full details of the early experiments using the BESM 
electronic computer of the Academy of Sciences of the U.S.S.R. for 
translation of scientific material from English into Russian, and also covers 
recent progress and future prospects. Actual examples of translated texts 
and results are included, and the possibilities of automating literary trans- 


lation and of dealing with more complex problems, such as translating 
Oriental languages, are discussed. 


21s. net ($3.50) 


Please send for fully descriptive leaflets 


PERGAMON PRESS 


OXFORD LONDON NEW YORK PARIS 


Headington Hill Hall, Oxford. 4 & 5 Fitzroy Square, London, W.1. 


122 East 55th Street, New York, 22, N.Y. 
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NO SLIDE-WIRE 


NO wear to impair accuracy with SMITHS 


NEW POTENTIOMETRIC RECORDERS 





SMITHs introduce a series of new Potentiometric Recorders for 
continuous duty applications in industrial processes and 
laboratory investigations in research establishments. These 
instruments measure d.c. input voltages down to the range 
0-1 mV, and are suitable for use with thermocouples, resistance 
bulbs, strain gauges, load cells and other transducers. 

No slide-wire is used in the sMITHS system, thus the main 


Write now for fully descriptive literature 


OMIT HTS, nove mason 


Consider these features 


* No Slide-wire: Unique design of measurement 
dispenses with conventional slide-wire, elimina- 
ting wear and ensuring trouble-free service. 


* Infinite Resolution: Variable force balance 
current generator gives improved performance 
in sensitivity and accuracy. 


* No Standardising: Highly stabilised zener-diode 
d.c. supplies obviate the need for standardising. 


* Dead-beat Balancing: Brushless tacho-generator 
eliminates overshoot. 


* Accessibility. 


* Clear Chart Presentation: 8 in. long, 104 in. wide 
chart exposed. Strip light optional. 


* Remote Indicators: Operated from basic 
instrument without adding secondary com- 
ponents. 


* Plug-in Range Changing. 


* Six Chart Speeds: 2, 4 or 8 in/hr. and 4, 8 or 16 
cm/hr. selected by inter-change gear wheels. 


source of wear and subsequent loss of accuracy inherent with 
other null-balance type instruments does not arise. 
Available as single or multi-channel recorders for 2 to 12 input 
sources, these instruments offer many outstanding features, 
high accuracy and assured reliability at economic cost. Two- 
position or Three-position switching facilities for control or 
alarm operation can be added to the system. 


The industrial business of 

S. Smith & Sons (England) Limited 
including the marketing of industrial 
products under the trade marks of 
Smiths and Kelvin Hughes. 


Kelvin House, Wembley Park Dvive, Wembiey, Middiesex. Phone: Wembley 8888. Grams: Kelhue Wembley. Telex (25366) 
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something’s 
cooking {... 


Something’s always cooking at DELANCO. 
They are always trying to improve on 
perfection. 

On this occasion they are investigating a 
complaint regarding the canteen tea, but 
this same team of Delanco experts are more 
seriously engaged most of the time in 
improving the performance and quality of 
Delanco brand insulation materials for the 
electrical and engineering industries. 

Considering the wide range of Delanco 
products and the constant demand for 
something super-plus in performance, it is 
astonishing how often they come up with 
the answer. 

If your problem is connected in any way 
with electrical insulation—Bakelite Tubes; 
Sleevings; Tapes; Machined, Pressed and 
Formed Components—just ring us, or 
write and our technical staff will go into 
action. Materials used under the Delanco 
trade mark are Bakelite . Vulcanized,Fibre 
Leatheroid. Presspahn- Glass Fibre . Copper 
Clad Bakelite and, of course, Delanco Mica. 
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DEPENDABLE 


OP Pela 


for Electrical Insulation 


Anglo-American Vulcanized Fibre Uo. Lid., 
Cayton Works, Bath Street, London, E.C.1. 
CLE 8484. Grams: Prompserv, Cent, London. 
Delanco Works, Leonard St., London, E.C.2. 
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DING FOR 
RY MODERN 


e manufacturers of ROCOL 
MOLYSDENISED LUBRICANTS—a new 
publication which brings you up to 
gate on the uses of Rocol Anti-Scuffing Products 
in Paste, Oil, Powder and Spray form. 

rief, factual and complete. 


Write today for your free copy ! 


ROCOL LIMITED Dept F 


GENERAL BUILDINGS : ALDWYCH LONDON W.C.2 
ROCOL HOUSE ; SWILLINGTON 5 NEAR LEEDS 
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ENGINEERING 
Marine Welding and 
Nuclear Energy Exhibition 
Olympia, London, 
April 20th—May 4th, 1961, 
Stand No. Ji Row DD 
Ist Floor Empire Hall. 


TEL: HOLborn 1985 
Garforth 2261 
CRTRA 
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See the AMPHENOL-BORG RANGE 
at the R.E.C.M.F. EXHIBITION 
OLYMPIA, MAY 30—JUNE 2 


STAND NO. 226. 
AND SMALLER 


AND EVEN SMALLER STILL! 


Modern design requirements in packaged electronic 

equipment are more than matched by the speed and 

scope of Amphenol-Borg connector research and 

development. In aircraft, missiles, computers and 

in instrumentation applications of all kinds, the 

complete reliability of Amphenol-Borg Connectors 

is coupled with outstanding possibilities for drastic 

space and weight economies. 

Write now for Catalogue IEC 3, a general survey of the 

comprehensive range. The new 96 Series Connectors are 
just #° square but contain 12 
contacts based on -075” centres. 


NOW AMPHENOL 74 SERIES CONNECTORS ars  algemer ne concen of seaman ta 


ors to altogether new concepts of economy in 
space, weight and size is strikingly illustrated 
below ... 


PROVIDE 12 CONTACTS IN A CHASSIS/PANEL AREA io: a . oe 


Area for 12 introduced 
Contacts 


OF LESS THAN ONE TENTH OF A SQUARE INCH! 7 M06 985 


% a 1960 
74 072. » 1961 


... the greatest name... the widest range 
AMPHENOL-BORG LIMITED, AMPHENOL ELECTRONICS DIVISION 


Victoria Road, Burgess Hill, Sussex. Telephone: Burgess Hill 85616. 


Amphenol-Borg Electronics Corp. Chicago U.S.A. Amphenol Canada Ltd. Toronto 9 Ontario, 
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Quick make and break action 
Simple design . Robust construction 
Minimum panel space required 
High rupturing capacity 


Available in a wide range of ampere ratings 


See our full range of products on Stand J.12 


P.4 SERIES QUICK DELIVERY 


Maximum Non-Reactive Ratings 
30/35 Amps 250vAC/DC 20/30 Amps 440v AC/DC 
15/25 Amps 600v AC/DC LIST R.P.2. 


Write TODAY for a copy of 


ARROW ELECTRIC SWITCHES LIMITED - HANGER LANE - LONDON WS - Tel: PERivale 445! 


A/31 (REV) 
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Why struggle with Mains Voltage Fluctuation ? 


If you have any problems involving a.c. voltage 
regulation, the solution is to call in ‘ Advance’— 
the Constant Voltage Transformer specialists. 
Investigation of your problem may prove that a 
standard type ‘ Volstat, will meet the case; or 
maybe, a special design is called for. In either 
event, the wealth of experience gained by 

* Advance’ over many years in probing every 
aspect of mains stabilization provides the surest, 
quickest, and certainly the most economical, 
solution to your difficulties. 


VOLSTAT 


CONSTANT VOLTAGE TRANSFORMERS) 


‘VOLTAGE STABILIZATION’ 


This ‘Advance’ Booklet gives authoritative 
information on ‘Advance’ Constant Voitage 
Transformers, and the service available to deal 
with your particular voltage fluctuation 
problems. Send for a copy. 


POST THIS COUPON TODAY * 


Advance COMPONENTS LIMITED 


eee, 6 MAINS STABILIZATION DIVISION DP) IT/GD84 
ROEBUCK ROAD * HAINAULT © ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 @eeeeeee#s* 


CONTROL April 1961 


To ADVANCE COMPONENTS LIMITED, 
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX 


Please send me a copy of your booklet 
“Voltage Stabilization’ by ‘Advance’ 
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PUTHMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 























M.41/414 
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This is rationalised flow measurement 


series 
Rotameter 


The “ Metric” series of flowmeters is 
available from stock. Interchangeable 
and alternative metering elements 
provide a new flexibility in liquid and 
gas rate-of-flow measurement. 


In Principle 


Five sizes of mounting accommodate 
the sixteen sizes of glass metering tube 
and all have rationalised installation 
dimensions. Floats of stainless steel, 
light alloy, or korannite (a ceramic 
material) and all components are 
interchangeable for a given size. 


the ‘Metric’ 


TYPE 907 





In Practice 


Interchangeable floats of different 
composition facilitate the conversion 
of an instrument to meter fluids of 
different natures ; flow scales can also 
easily be changed as appropriate. 
These flow scales refer directly to the 
millimetre scale fused on to the glass 
tube; they can be provided by the 
manufacturer or produced by the user 
from calibration charts. 

The type 900 Frame is for low pres- 
sure non-corrosive service. 

The types 907 and 914 Frames are for 
rough industrial service and use the 
Metric ‘B’ tubes with ground ends and 
interchangeable gland packing includ- 
ing P.T.F.E. The chassis is a welded 
structure, nylon covered, and connec- 
tions are normally of cast iron, stain- 
less steel or rigid P.V.C. Many acces- 
sories including a photo-electric alarm 
can be fitted to these instruments. 
Magnetic coupled indicating or trans- 
mitting flowmeters using ‘ Metric’ 
elements are available in certain sizes. 
All metric meters and spare parts are 
available from stock. 


Write for full technical details, quoting reference CC/2020/41 


ROTAMETER MANUFACTURING COMPANY LIMITED 330 Purley Way, Croydon, Surrey. 
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Telephone: CROydon 3816 
Telex: 24292 
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ENGLISH ELECTRIC 


Multi-motor control centres 


@ Easy to maintain, easy to extend, @ Completely protected—thermal or 
easy to modify magnetic overloads—earth leakage— 
@ Specially designed to occupy minimum inherent no-voltage 
floor space @ Provision for cabling at either top or 
Fully interlocked. Shrouded fuses, hme iii 
shrouded connectors and insulated risers ear access unnecessary. “All parts 


: accessible from front of unit. 
Suitable for supply voltages up to 660 volts Cabling facilities devised in conjunction 
A full choice of control devices rated up 


i with leading cable contractors 
to 400 h.p. can be incorporated Adequately rated busbar systems—up to 


Suitable for local or remote control and 31 MVA at 415 volts 
sequence operations Fully fault-rated 


a] T i | la & 1? 
SPECIAL FEATURE : Nh ISH } iy A 
“ENGLISH ELECTRIC’ multi-motor ype J yp a ye os i 
control centres are designed to house 


‘UNISTAT’ Transistorised 
Logic Switching Schemes, 


control gear 


CONTROL GEAR DIVISION, KIDSGROVE, STOKE-ON-TRENT, STAFFS. 
Telephone : Kidsgrove 2141 
The English Electric Company Limited, English Electric House, Strand, London, W.C.2. 
CG. 
CONTROL April 1961 
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SLIP RINGS 


BRUSHES 


30° diameter Slip Ring 
Split for ease of assembly. 
Electrodeposited fine 
silver rings for lowest 
noise levels (strain gauge 


application) 


COMMUTATORS 


PRECISION 
ROTARY SWITCHES 


IDM ELECTRONICS LTD. 
Whitley Kiln - Basingstoke Road are ing 


Talanhoan ¥ 
oii =) 0) R1C) Aloo aterelOnn 


gd 
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Getter Cel) ss ananss 


silicon power diodes 
and 
rectifier stacks 


RS3 Diode 
ONE AMP 50 volts to 400 volts C.W.V. 


RS5 Diode 
FIVE AMP 50 volts to 400 volts C.W.V. 


@ Available from production 
_ @ High Efficiency 
@ Small Size 
@ High Temperature Operation 
@ Hermetically Sealed 


Rectifier Stacks 

The design of SenTerCel Silicon Rectifier Stacks offers many advantages 
including small size, low weight and higher ambient operating temperatures (up 
to 100°C). At present, silicon stacks.are supplied with half-wave, bridge 

or push-pull connections for either single-phase or three-phase 

inputs. The great variety of possible series and parallel connections 


between diodes provides an extensive range of voltage and current outputs. 


Write for STC silicon rectifier technical literature: 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW .- ESSEX 


61/12MF 
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Adjustable Timer 











Incorporates a small self-starting, 
synchronous motor, which when ener- 
gised, is arranged to operate a micro- 
switchette after a pre-determined 
adjustable time delay has expired. 
Automatically resets on de-energising. 
The minimum time delay setting is in 
all cases 10° of the maximum. Types 
are available for delays of up to 
several hours. Adjustment between 
minimum and maximum settings is 
by means of indicating knob. 


Tigre ch eso 


SPECIFICATION 
COIL and MOTOR: 


—Wound for 110 V. or 230 V. 50 c.p.s. 


Consumption—8 V.A. approx. total. 


SWITCH: 
—Micro-switchette 


RATING 
—4 amps. at 230 V. A.C. 


DELAY 
—The minimum delay settirg recom- 
mended is approximately 10 secords. 


DIMENSIONS 

—Width—3" (77 mm) 

Height—4}” (115 mm) 
Projection—4}” (105 mm) 

4—0.152” (3.86 mm) dia. fixing ho'es 
Weight—2 Ib. (0.907 k.g.) 


Hendrey Relays 


HENDREY RELAYS LTD. satu roap, stoucH, sucks. 


Telephone: Burnham 609/61 1 
MANUFACTURING ELECTRICAL ENGINEERS 
CONTROL AND LABORATORY APPARATUS 

On Admiralty, Principal Ministries and Post Office Lists. 


A.l.D and A.R.B. Approved 





Check your 
process instruments 


on stream with the 


DILEWY 
Wal 


portable, precision 


pneumatic calibrator 
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A-755 with 
cover removed 
26 pounds 84” x 132” x 194” 








This new instrument is sensitive 
to pressure changes as small as 
001%, of full scale 


ACCURACY: 0:1% of full range 


STANDARD RANGE: | to 24 p.s.i. 
other ranges available. 


For complete information, write to the Instrument Dept. 
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MINIATURE 
ELECTRIC 
CABLES 





NIATURE ELECT RIC 


M\ 
E 
tyre | CABL - 
18 A REF: LCR. % 















CABLE 


REF: LCR. 2179 





TO DEFENCE 
SPECIFICATION 
No. 10 


ee Sth 
Se tas 










These Miniature Electric Cables are available with 
from 1 to 60 conductors with combinations of low voltage and 
high voltage cores. The Cables can be supplied screened or 
unscreened and are protected by a P.V.C. sheath. 

They are designed primarily for the local interconnection of 


ground, sea and airborne instruments and electronic equipment. 







Five basic types of core are used in the construction, cabled up For further details ask for 
. : ; ; ; Catalogue H/110 
in various combinations to obtain 48 different types of cable. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 
61/3H RUBBER & PLASTIC CABLE DIVISION: CORPORATION ROAD 





NEWPORT MON. 
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Influential users report that this instrument commands 
top marks on all tested points of superiority — yet it is 
very competitively priced. 


The Fischer & Porter D.P. Transmitter converts a 
differential pressure to a 3-15 p.s.i. pneumatic signal. 


Note these important features of the well-thought-out 
design: 


Adjustable damping device damps flow pulsations, 
giving smooth output signal under all conditions. 


Range continuously adjustable from 0-20” to 0-200” 
water column, or 0-30” to 0-300” water column. 


Diaphragm and mounting flanges can be manufac- 
tured from a range of corrosion-resisting materials, 
Stainless steel is standard. 


Built-in over-range protection. 


Temperature compensated; temperature range— 
20°F to 250°F. 


Max. static pressure 1500 p.s.i.g. 

Individually tested and adjusted before despafch. 
PERFORMANCE SECOND TO NONE — 

YET COMPETITIVELY PRICED. 


FISCHER & PORTER LTD 


rkingtor Cumberland 


HARRINGTON 333 
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The HR-92 is a null-seeking 
servo-type plotter designed to 
draw curves in Cartesian co- 
ordinates on regular 84 x 11 graph 
paper. It employs conventional 
chopper amplifiers, 2-phase 
motors and a potentiometer re- 


| balance. Reference voltages are 
| furnished by mercury cells. 


Control panel has zero set and 
continuously-variable attenuator 
for each axis. Separate standby 
and power switches are provided. 
The two axes are electrically and 
mechanically independent. A 
high impedance input is available 
and point plotting can be pro- 
vided if required. Limit of error 
better than 0.5%. 


Quick delivery 
Price £395 


Unconditionally 


guaranteed 
for one year. 


SCIENTIFIC FURNISHINGS LTD. 


POYNTON, CHESHIRE. TELEPHONE: POYNTON 2815/2776 
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ANNOUNCING 
THE 

LATEST 

AUDCO 
CONTROL 
VALVE 
DEVELOPMENT 


MODEL 1650 SPLIT BODY SINGLE 
SEATED DIAPHRAGM VALVE 


This new valve has been developed by the 
Controls Division of Audley Engineering 
Company Limited at the request of instru- 
ment engineers in a wide variety of 
industries. It is intended to supplement the 
Re range of Audco Domotor Control Valves for 
DU : oa the engineer who does not want to use a 
aoe Positioner. This model retains all the ad- 
vantages of split body construction used with 
Domotor Operated Valves, and sub-assemblies 
of Body and Actuator are interchangeable. 
Should a change of service justify the use of a 
Positioner, it is possible to mount this on the 
top or side as desired. The valve body is pro- 
duced in a variety of metals including cast 
iron, stainless steel and bronze, and is avail- 
able in sizes up to |”, and will shortly be 
available in sizes up to 2”. 


<< 
F 


rs 


AUDCO CONTROLS EASTERN AVENUE GLOUCESTER TEL: 


GLOUCESTER 21451/5 
A Division of Audley Engineering Co. Ltd., Newport, Shropshire 
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COMPLETE AUTOMATIC BOILER ( 


( PNEUMATIC OR ELECTRON 


TWO PRESSURE SWITCHES BY K.DG. 


Bourdon 150 p.s.i. to 5000 p.s.i. - Diaphragm 
For use with liquids or gases, and may : 

also be supplied with Stainless Steel 

elements for corrosives. Contact rating 

5 amps at 250 volts A.C. Also available in 

weather-proof and flame-proof housing 


Diaphragm up to 100 p.s.i. 
Of simple and robust construction, this 
switch will withstand overload pressures 
up to 20% above the maximum working 
range. For use with non-corrosive gases or 
liquids, minimum range 0°5" to 30" w.g 
Maximum 100 p.s.i. Also available in 
moisture-proof, water-proof and flame-proof 
housings. Ideal for 3-15 p.s.i. pneumatic 
applications, supplied with and without 
setting dial. 


Full details and specifications of the complete K.D.G. range are readily available from: 


fot anmas tS EYE: K.D.G. INSTRUMENTS LTD 


"» BLONDON + Manor Royal - Crawley ~ Sussex Tel.: Crawley 25151 
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From one to twenty-four accurate recordings - Ree 48 Bre Boe 
on an easy-to-read strip chart that is 12}” wide PD ek retort 
-with an instrument that combines fast response, , 

sturdy construction and superb  design- 
simplicity! These are some of the advantages 
behind Dynamaster’s reputation for efficiency 
in industrial plants, pilot plants, laboratories 
and research units. Let us tell you more about 
Bristol’s Dynamaster - available as .a self- 
balancing potentiometer or as a_ bridge 
instrument for dependable recording or control. 


eee ™” —— 






















Continuous measurement. 
DYNAMASTER POTENTIOMETER 
controis sition records quantities that can be 


measured in terms of D.C: voltage or current. % Wide chart and boldly-figured 
indicating scale. 





* 


Few moving parts. 


DYNAMASTER BRIDGE 
controls and/or records variables which are 
a function of resistance or capacity. 


% Single or multi-channel models 


available for quick delivery. 


Complete information from 


PROCESS CONTROL DIVISION 


E|LIOTT ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS, LEWISHAM, LONDON SE13 Telephone: TiDeway 1271 
Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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This simple and robust unit is operated by the change in the buoyancy of a 
displacer—transmitted to a micro-switch by means of a rigid tongue with ina 
patented flexible shaft. Only a small movement—approximately 4” and 
equivalent to a level change of about 4” at a specific gravity of 1.0—is 
required to actuate the switch. There are no pivots to clog or go wrong, no 
magnets which can lose their strength. 

The low cost and dependability of the Model 26 alarm switch make it a 
practical and economical proposition for boilers, vessels and tanks of all 
sizes where reliable indication of high or low level is necessary. 


POSITION. 
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ld OR MOU Weel, UDI 
AT LOW GOST 
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4 Mail thie Associated Electrical Industries Limited Instrumentation Division, 
P.O. Box 1, Harlow, Essex. 

i , Coupon for Ti attain ale emai 


i ful dela Ig COMPANY ADDRESS oo. 


Instrumentation Division - Process Control Dept.: 
Associated Electrical industries Limited 
P.O. Box1 : Harlow - Essex Tel: Harlow 25221 


Sta INSTRUMENTATION 
Sem INFORMATION SERVICE 


LIQUID 
ee 
Eels 
MODEL 26 









@ Patented flexible shaft —no 
pivots or rubbing parts 











@ Standard flange fitting — 
to install 


@ Limit stops protect 
flexible shaft 


@ Direct or reverse acting 








sc/tit 


CONTROL April 196! 





—_— os oe ee ee 


CONTROL April 1961 





NEW, 


ELECTRONIC RELAY 
WITH EXTRA LONG LIFE 


The AE! Electronic Relay has been re- 
designed and the Type EA4 is now an 
instrument with outstanding long-term 
reliability. 

It enables full use to be made of the precise 
control possible with light contact instruments 
such as toluene regulators or contact ther- 
mometers by ensuring that they are not subject 
to any high voltage or current stress. Accuracy 
and stability of the operating instrument is 
thus unimpaired and contact cleaning or other 
maintenance is reduced to a minimum. 
Although operating on a few microwatts, the 
EA4 relay will control inductive or non- 
inductive loads up to 2 kW at 200-250V AC 
or DC, 


Pm ee eer 


| Mail thig 


coupon ss 
al delaile fm 


ee 


AED 


Send me price and delivery details/full technical information 


instrumentation Division 
P.O. Box:1 Harlow: Essex: Tel: 
Associated Electrical industries Limited 
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INSTRUMENTATION 
' INFORMATION SERVICE 










FOR EITHER WALL OR 
BENCH MOUNTING 
































DIMENSIONS: 
6)" x 4" x 3} DEEP 
(APPROX) 























(please indicate requirement) | 














Harlow 25271 


sc/107 
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ALLSCOTT Heauy Duly CONTROLS 


TYPE C230 POTENTIOMETRIC TRANSDUCER 


This new Allscott heavy duty potentiometric transducer is 
designed to provide the industrial user with a precision poten- 
tiometer, suitable for heavy duty industrial application. 

The potentiometer is totally enclosed in a sturdy cast structure 
and fitted with a robust 0°5” dia Oldham shaft coupling which 
is supported on sealed bearings. 

The potentiometer incorporates a resistance helix so that 10 
complete revolutions of the input shaft are required to track 
the variable tapping point from one end of the resistance to 
the other. 


TYPE C229 SYNCHRO-TRANSMITTER ASSEMBLY 


Simple design and rugged construction makes this transmitter 
eminently suitable for angular setting indication or servo appli- 
cation where long trouble-free operation is required in arduous 
conditions. 

This unit comprises a 2” Muirhead Synchronous Link Trans- 
mitter type E2A/1 with its associated power supply in a sealed, 
cast, weatherproof housing. 


eae TT rockville Stree 
James Scott aaa Ltd cccumeneuee Estate, Glasgow, E.2 


Tel: Shettleston 4206-9 


HEAVY DUTY 
instrument 
Racks 


from 


LUNDS 


of 
Wa an d swo rth Lunds heavy duty instrumentation racks have been developed to overcome the problems 


inherent in the construction of larger instrument panels. Corner casting of aluminium 
alloy, designed to eliminate welding at corners, are incorporated with 10 gauge radius 
rolled sections in mild steel to form a rack of unique strength. The sections incorporate 
a 2” x 3?” recess which facilitates flush panel mounting and door fitting. 


Other Lund products include standard 
racks and nels; and sheet metal 
work for the enn a W d h 
comprising specialised racks, consoles, 
— etc. For full — = Lund of an swort 
t: it t a 
rOens eee ae et Bendon Valley, London, $.W.I8 Telephone : VANdyke 7676/7/8 
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The CLARE line of relays and allied 

control apparatus is expressly designed to meet 
the exacting requirements of a wide variety 

of modern industrial uses. 


Write, *phone or wire for literature on the CLARE range. 


C.P.CLARE LIMITED 


70 DUDDEN HILL LANE, LONDON NW10 
Telephone: WiLlesden 5141 Grams: CLARELAY London NW10 


A member of the ELLIOTT-AUTOMATION Group 


CLARE RELAYS ARE MADE IN THE UNITED KINGDOM UNDER LICENCE FROM C. P. CLARE & CO, CHICAGO, USA 


rT 
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/ | / 1 oy | CY computer galvanometer 


The new Tinsley Computer Galvanometer has a highly 
efficient magnetic circuit, a small and very light coil and is 
liquid filled. It is especially suitable for step recording. The 
characteristics are as follows :— 





Sensitivity: 3420 mm/#A at one meter scale distance 
Damping resistance: 60000 ohms 

Zero shift: less than | mm after 500 times overload 
Balance factor: 30 

Time constant: 140 seconds 


The complete range of Tinsley Galvanometers covers all possible 
applications in experimental work. It includes: — 


Sensitive d.c. Galvanometer with or without Amplifier 





Ballistic Quick response 
Long periodic time Marine 
Liquid filled Computer 












Vibration Galvanometer with or without Amplifier 


For details of galvanometers to meet your specific requirements, 
write to: — 


H. Tinsley & Co. Ltd. 
Werndee Hall, South Norwood, London, S.E.25 


telephone: ADDiscombe 6046-8 


Why will @ dive with Dreadnought? } 


Amongst the vast array of modern equipment in Dreadnought’s 






al 
sé 





hull will be an NBD Voltage Regulator controlling vital electrical 
equipment. 

When Britain's first nuclear submarine makes her maiden 
voyage, NBD will be there. 












@ Servo Motors @ Rotary Transformers and Convertors 


@ Transistor Convertors @ High Frequency Alternators 


@ Motor Generator Sets (400 to 3,000 c.p.s.) 
@ Automatic Voltage @ Permanent Magnet Alternators 


Regulators 





TON 
Sa ee 


ON n° 4: 3 AM NEWTON BROS. (DERBY) LIMITED, ALFRETON ROAD, DERBY. 


Telephone: Derby 47676 (4 lines). Grams: DYNAMO DERBY. 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2. 
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MEASUREMENT ° RECORDING - CGONTROLLING 


are performed by a single instrument connected to a suitably 
selected pH electrode system. 


The System 


== REPLACES costly composite instrument systems 


TYPE RPH-1 £188 


N 







:= SAVES valuable instrument panel space 
EZ SIMPLIFIES setting — by single knob adjustment 
t=? ELIMINATES frequent calibration checks 








:= PROVIDES high and low level alarm or control switching 










Write for literature on Industrial pH, 








tb conductivity and level control instruments. 









Sn Iudustrial Electrochemical Instruments 


see HPF/T electrode system £46 










ELECTRONIC SWITCHGEAR (LONDON) LTD - LETCHWORTH - HERTS - TEL: 1853 
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LONDEX LTD ‘ae Write for lists 


ANERLEY WORKS 


LONDON SE20 
Telephone: SYDenham 3111 


Pre-determining Counter with 
Auto-reset 


— Digit Counters which 
ass 


ing. Auxiliary contacts for pre- 
determining 


Gemtet Reset 'High"|Speed 
Counte: 


Our range of counters offers in the most compact 
D Instantaneous Manual Reset 
High Speed Counters (10 or 


form types for all requirements. The total full 25 lmpulees por second) 


size width of the group above is only 6 inches. Send for full details of 
the above end other 


counters in our range to 


THE STONEBRIDGE ELECTRICAL CO. LTD. 


6 QUEEN ANNE'S GATE * LONDON, S.W.1 Telephone : TRAfalgar 1444 STONEBRIDGE 


Agents and Licensees in U.K. for ‘‘SODECO’’, GENEVA. 
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REGULARLY (Because we like to see 


our customers satisfied!) 


Special and individual requirements are our particular speciality. And we go to great 
lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You’ll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 
has been achieved! Why not write now for our new comprehensive catalogue No. M.101 
which contains full details of our complete range! 


IS THE REGISTERED TRADE MARK OF THE MAGNETIC VALVE COMPANY LTD. 


The Magnetic Valve Company Ltd 


—---—4 7 KENDALL PLACE + BAKER STREET - LONDON - W.1. HUNTER 1801 
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APIS wn Duratrak” 


Regd. Trademark 
QA A 






















THE MOST USEFUL DEVICE KNOWN FOR THE CONTROL OF AC VOLTAGE 


VARIAG is the original continuously-adjustable 
auto-transformer, providing a smoothly vari- 


able output from zero to line voltage and range includes 














above. portable, metalclad and 
VARIAGS are available in a very wide range of Smee’ ~~ 
models from small units for laboratory and ypes, high- 


frequency types and 
many ‘specials’. 

Write for complete 
information. 


instrument use to large ganged assemblies for 
three-phase power. 

VARIAGS are available open or covered, as 
single units or ganged assemblies, for manual 
operation or motor-driven. 


* Duratrak? Duratrak (Regd. Trademark) 


—a patented* feature exclusive to Variac—is a 
special plated contact surface giving longer life, 
increased overload and surge capacity and maxi- 
mum economy in maintenance. Duratrak is now 
standard on all models except Series 50. 


*U.K. Pat. No. 693406 
onty VARIAG nas DURATRAK 


This small Variac, 
Type V-SHMTF, provides 
an output of 0-270 V,2 A, 
from 240 V 50 c/s mains, 

A still smaller model, 


- be 7, = Type V-3H is rated at I A. 
This 3-gang assembly, Type 50-BMG3, 
will control 22-5k VA, 3-phase or u e Ons t 
single-phase according to connection. ‘> 


Larger assemblies can be made. 





VALLEY WORKS - HODDESDON - HERTS - TEL: HODDESDON 4541-6 
and 76 Old Hall Street - Liverpool 3 + Tel: CENtral 4641-2 














Cu 59/28 


A SELECTION FROM THE RANGE OF PARVALUX F.H.P. MOTORS 








6 
4 
as ee 


Shaded Pole Series Wound Series Wound ee - 
Constant Variable Variable oO 
peed Speed peed a ~ 


Ss S 
1/300-1/140 HP 1100-1/10 HP 1/40-1/5 HP a 


4 speed Speed 
% 0-1/5 HP 1/40-1/5 HP 





Shaded Pole Series Wound <~ Capacitor Capacitor Split Phase 
Constant Variable Pp a Constant Constant Constant 
Speed Speed > Speed Speed Speed 
19-330 RPM 25-800 7” > oO 17-680 RPM 20-700 RPM 20-700 RPM 





Shaded Pole Series Wound Series Wound Capacitor Capacitor Split Phase 
Constant Variable Variable Constant Constant Constant 
Speed Speed Speed Speed Speed Speed 
4-18 RPM 0°5-60 RPM 0°3-60 RPM 0°3-19°5 RPM 0°2-19 RPM 0°2-19 RPM 


REGO. TRADE MARK 


OUR 1961 CATALOGUE AVAILABLE ON REQUEST 


(DEPT. EMD) PARKSTONE, POOLE, DORSET, ENGLAND Tel : Parkstone 5411/2 PBX Grams: Parvalux Parkstone 
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CON” 


Pratt Hand Operated 

Air Control Units Type V.6 
Fitted with Ol Mist 
Lubricator 


Pratt Hand Operated 
Control Valve Type V.2 


This unit combines a hand operated control valve, dial pressure 
gauge and pressure reducing valve in one neat, compact and efficient 
assembly. The design of the valving mechanism is such that extremely 
long life and finger light operation is guaranteed. The valve disc is fully- 
floating and consequently any tilt of the operating shaft due to wear 
over a long period of time does not affect the efficient working of the 
valve. Essential working parts are non-ferrous to ensure freedom from 
corrosion due to moisture in the air line. Tapped holes are provided in 
the rear of the body for fixing. Removal of the pressure gauge will 
expose bolt holes for front fixing if required. Standard port size }” B.S.P. 


A oe Vere jor VY eeae ng for We 4 oi 


Pratt Control Units cover a wide range of applications in the Pneumatic 
field. We shall be pleased to send you full details on request. 
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A member of 


GROUP 


OR/I 


SERVICE 


achieves: 


@ Robustness 














RESIN CASTING 


@ Protection: temp/Humidity 
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Datum engineers offer 
new facilities 


x Datum racks now available 


Dyhnekee! 


to take all types of chart 


recorder 


SK Standard 19” wide panels 


can be mounted on the 
same rack frame 


x Retractable desk units with 


or without stowage drawer 


INSTRUMENT RACKS 
CONSOLES - 


PANELS - 


* CABINETS 
CHASSIS UNITS 


CASES 


DATUM METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE -« 


RESIN CASTING and 
ENCAPSULATION 


We offer complete 
DESIGN & DEVELOPMENT 


@ Miniaturisation 
@ Adaptability 


Interchangeability 


@ Weight: Min. increase 


RESIN MOULDINGS LTD 


Manor Park Works, Manor Park Road, 
London, N. 


w.10 





WATFORD-BY-PASS 
Telephone: Watford 22351 





Our Sales Dept. can 
tell you more about 
these new features, 
so why not call 
Watford 2235! | 


Now- 


e WATFORD 





@ Security to: 


Component/Circuit 
design 


@ Standardisation 
@ Easier: Assembly Servicing 


An Associated Company 







WILLESDON TRANSFORMER COMPANY LTD. 


ELGAR 5445 
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HERTS 
Telegrams: Datum Watford 





The Firth Cleveland Vibrating Probe Level Control gives you instant detection and accurate control of the 
level of low density granular materials. It is completely reliable, since it incorporates no moving parts and 
employs a printed circuit control unit which may be situated up to 300 ft. from the storage vessel, hopper etc. 
The system may be coupled to any type of emptying or filling equipment and will operate equally with 
pressurized or non-pressurized tanks of any shape or size. 

Both units are of extremely robust construction and completely weather-proof. No adjustments are necessary 
on installation, maintenance is negligible, and the system is backed by nationwide service facilities. Full 


technical information is yours for the asking, or we will arrange for one of our engineers to call and talk 
over details with you. 


HIGH LEVEL WARNING 
AND CONTROL — one of 
the many applications 
of the system. 


VIBRATING PROBE LEVEL CONTROL SYSTEM 


Firth Cleveland Instruments Ltd., 7 Cleveland Row, London, S.W.1 Tel: WHitehall 3100 


A MEMBER OF THE FIRTH CLEVELAND GROUP o> 


CRC 41G 
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FULLY TYPE APPROVED 
TO A.1.D., A.R.B., & ADMIRALTY 


BLL ae Sede Te 
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NEW galvanometer design gives 
STABILITY AND ACCURACY 


AETEC 8° 


Thermo-electric Indicators, and 
Resistance Thermometers 


Thermocouple Pyrometer 


Stability is a pre-requisite of accuracy—maintained over 
many years of use. The Galvanometer fitted in the new 
range of Negretti & Zambra Aetec Thermo-Electric 
Indicators, Controllers and Electrical Resistance 
Indicators is of completely new design embodying modern 
techniques and materials giving high torque/weight 

ratio, ample gap between moving coil and magnet 
assembly, high sensitivity and low period. 


“PLUG-IN” 
3000 type RELAY 


WITH TRANSPARENT DUST COVER 
AND PLUG-IN BASE 
as used exclusively in 


IMPORTANT FEATURES ARE: BERKELEY POWER STATION 


Accuracy guaranteed within + *5% of full scale deflection. 
Printed circuits in Multipoint Indicators and Switchboxes 
to give high reliability and low cost. 


Ease of adjustment and maintenance —chassis quickly 
removable from anti-magnetic screening case. 


8-inch scale, 


Multi-point indication—up to 5 points (thermocouple 
type) with built-in switch. 

Up to 4 points (resistance type). 

Up to 24 points with external switchbox. 


Ranges—up to 1600°C (thermocouple type) and 
up to 500°C (resistance type). 


For full particulars of these outstanding instruments please write for 
Publication E/15 (Indicators) and Publication E/17 (Pyrometer 
Controllers). A comprehensive range of specialized thermocouples, 
resistance thermometers and other accessories is also described. 


All Negretti & Zambra instruments are covered by a 2-year 
guarantee against defect of workmanship and materials. Now supplied as follows :- 

@ 6 CHANGE-OVERS LIGHT DUTY @ 6 MAKES 
OR 6 BREAKS HEAVY DUTY @ 2 CHANGE-OVERS 


HEAVY DUTY AND 2 CHANGE-OVERS LIGHT 


the name that means precision all over the world 


NEGRETTI & ZAMBRA 


122 Regent Street, London W.1. Tel: REGent 3406 
Telegrams: Negretti, Piccy, London 

Offices: Birmingham, Cardiff, Glasgow, Leeds, 
Manchester, Newcastle on Tyne, Nottingham, 

Sheffield 

Repair Depots: Birmingham, Leeds, Newcastle on Tyne 
Agents or subsidaries in all major countries. 


DUTY @ TRANSISTORISED TO OPERATE AS LOW 

AS 3 MICRO-AMPS @ A.C. OPERATION FOR: 6V., 

12V., 50V., 110V. & 250V. A.C. @ DOUBLE WOUND 

COILS @ P.T.F.E.INSULATION @ OPERATE & 
DELAY UP TO 5 SECONDS 


A.D.S.RELAYS LTD 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.! 


Telephone: CLErkenwell 3393/4/5 
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..,and when 
it came to 


CONTAGTORS 


the choice was (GWB) 


Acknowledgements to P & O Steam Navigation Co. Lid.. and Harland & Wolf, Lid. Photograph by Central Press Photos Lid 


Some very advanced thinking went into the design 
of the giant P & O Liner S.S. Canberra. With 
accommodation for 2,235 passengers, its speed of 27} knots 
will cut the London-Sydney run by six days. 

Accuracy and efficiency were essential—right down a 
to the smallest component—and when it came to q 
the operation of remote controlled isolators from the 
masterboards the contactors specified were GWB. 
Containing many unique features, all GWB Contactors 
are type tested and approved to category A.4, 


Mechanical Duty Class III and IV to B.S.S.775 (1956). 
C582 500 AMP rated T.P. Contactor, fitted one normally open and one 


Full details of the complete range on request. 
cae, closed saatieny contact, as supplied for use as remote con- 
a, a for — of equipment supplied from each masterboard 


GWE. G.W.B. FURNACES LTD ccontro: cear pivision) 
P.O. BOX 4 + DIBDALE WORKS «- DUDLEY -: 


Worcs. 
Tel: Dudley 55455. Cables: Gibwildbar, Dudley. Associated with Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. 
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DES-P DA15-P 


MINIATURE PLUGS AND SOCKETS 9 WAY 5£9-s 16 WAY 5 n15-s 
SELF POLARISED - NYLON MOULDINGS alla aaah 
GOLD PLATED CONTACTS 26 WAY ne0s-5 37 WAY 5c37-s 


' Send for technical information to:— 


McMURDO INSTRUMENT CO. LTD - ASHTEAD - SURREY - TEL: ASHTEAD 3401 


Clectwcally Uperaied 
COUNTER 


AT NEW LOW COST 


sk Rated speed-up to 1000 Counts per minute 





% Designed for panel or base mounting 
* Centre reset by knob 

%* Connection by flying leads 

* Maximum voltage 110 D.C.—250 A.C. 








oe 
English Numbering Machines Limited MODEL 442 
Dept.2K - QUEENSWAY - ENFIELD + MIDDLESEX 
Telephone: HOWard 2611 (5 lines) Telegrams: Numgravco, Enfield Full technical information on request 
LEADING MANUFACTURERS OF COUNTING AND NUMBERING DEVICES 
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TECALEMIT Ay/ow TUBING 
ACHIEVES 

WORLD 

SUPREMACY 


Tecalemit, pioneers of extruded nylon tubing, owe their present 
supremacy in this sphere to the most exacting research, testing 
and development in co-operation with the producers of the raw 
material. Tecalemit have now achieved marvellous limits of 
precision in extruded nylon tubing—limits unequalled and 
indeed unthought of previously—an exclusive technical triumph. 


Flexible and rigid Tecalemit nylon tubing now outperforms metal, 
other plastics and rubber for industrial and automotive oil and 
fuel lines. Tecalemit Tubing is fitted as standard by such great 
names as Aston-Martin, Austin, Ford, International Harvester, 
Jaguar, Massey-Ferguson, Rover and many large industrial 
users including, of course, Tecalemit industrial lubrication 
installations. 






Tubes of precise inside diameter of #” and less have proved under 
test to be unharmed by 
1,100 vibrations per minute at 250°F and 45 p.s.i. for 700 hours 
immersion in Derv at 212°F for 200 hours 

air temperatures of —78°C 

tensile strains of 100 ib (after being dry-air aged at 212°F) 


And they save up to 50% in initial cost! 


Tecalemit Nylon Tubing almost halves fitting times; is free of 
internal abrasive scale; resists shock, even below -70°C; resists 
most solvents, corrosion and fungal attack; is unaffected even 
by strong ultra-violet light, and form-stable over a wide 
temperature range. 


For full particulars write to: 


n@> TECALEMID oro canes c) 


PLYMOUTH - DEVON 














NEW! TECALEMIT HIGH PRESSURE 
s NYLON HOSE 


Following in the great tradition of Nylon Tubing, Tecalemit 
present a new High Pressure Nylon Hose. More durable, flexible, 
lighter, stronger and more stable than any other hose on the 
market. And highly competitive in price! Ask for details when 
enquiring about Tecalemit Nylon Tubing. 





CONTROL April 1961 Circle No 132 on reply card for further details 

































Circle No 133 on reply_card for further details 


Miao Wavee Contacte CLEAN 


by using a 


SEPI 


DIACROM SPATULA 


The “ Diacrom” is a metal spatula upon which 
diamond powder has been deposited by a special 
process. No deep scratches are possible because 
density is controlled and the polishing of the 
contacts is achieved by a gentle brushing motion. 
With coloured nylon handle for complete insula- 
tion and easy size identification. 


® Grain size 200, thickness 55/100 mm., both faces diamonded. 
For quick cleaning of industrial relays and switching equip- 
ment, etc. 


* Grain size 300, thickness 55/100 mm., both faces diamonded. 
For smaller equipments, like telephone relays, computer 
relays, etc. 


® Grain size 400, thickness 25/100 mm., one face diamonded. 
For sensitive relays and tiny contacts, Two close contacts 
ae each other can be individually cleaned, because only 
one face of the spatula is abrasive. 






Actual size of Spatula 


Manufactured in France 
British Patents applied for. 


Ss. GUITERMAN & CO. LTD - 37 SOHO SQ., LONDON W.1 > Phone: Gerrard 2571 


As supplied to the War Office, U.K.A.E.A., Electricity Generating Boards, British Railways, and other public authorities and also to leading electronic and industrial 
users throughout the United Kingdom 





Write for 
Catalogue G. /00 
Temperature Control 


Switches 






THE GRAVINETTE CARTRIDGE TYPE SERIES 1000, TENSION OPERATED 

ee precision unit for Surface Mounting, to provide These precision temperature control switches are designed 
ti . . ‘ 2 . = - ‘ 

or optimum temperature control on applications where primarily for use in heater blocks, heated plates and similar 


space is at a premium, The Gravinette is an adjustable unit enislicantihds iiitind icinattiain icici A . t 
and is offered in four versions :— PP Ce ee 


Type TCS 3150, normally closed, range—7o°C to 100°C, Possessing the desirable features of the ideal thermostat, the 
Type TCS 3151, normally open, range—7o°C to 100°C, Graviner Temperature Control Switch is of convenient size 
Type TCS 3250, normally closed, range 40°C to 250°C, and shape, adjustable and resistant to vibration and shock, 


Type TCS 3251, normally open, range 40°C to 250°C, and easy to install. 






Normal rating 1 amp. on 250v 
A.C., and 2 amps on 28v D.C. Current Rating 5 amps 250v. A.C. for standard types. 







renner 
For further details of our complete range write or telephone 


GRAVINER, 10 CHURCH ST., STAINES, MIDDLESEX 
Telephone: Staines 51217 


Specialists in Airborne and Industrial Fire and Explosion Protection, Nuclear Development and Production Engineering 
CONTROL April (96! 
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HIGH PRESSURE 
HYDRAULIC CYLINDERS: 


HYDRAULIC HYDRAULIC PUMPS 
ACCUMULATORS : 


~ a 


YOUR CONTROL 
PROBLEMS WITH 


VACUUM WORK HOLDING CLAMPS : ‘ 
A HYDRAULIC POWER UNITS 


HYDRAULIC & 
PNEUMATIC 
EQUIPMENT 


H.P. Equipment provides pre- 
cise control over the most 
complicated operations-simply, 
speedily and economically. The 
exceptionally wide range and 
choice of both Pneumatic & 
Hydraulic equipment enables 
you to plan exactly the most 
efficient system for your partic- 
ular application. Youare invited 
to call on the services of our 
specialised team of Control 


Engineers at any time. SOLENOID OPERATED 
, ; VALVES 
-.° Write NOW for fully illustrated 
Seon literature on the complete range. 
RESSURE VALVES p S 


HIGH PRESSURE 
HYDRAULIC 


HAND PUMPS & SEALS 


| 
| 
| 


VISIT STAND No. 3, ROW S 
GROUND FLOOR, NATIONAL HALL 


ENGINEERING, MARINE WELDING & j 
NUCLEAR ENERGY EXHIBITION 


PNEUMATIC AND. 
HYDRAULIC VALVES AND: 
_ CYLINDERS 


te - iS =a 88 eae ee » “a <4 . 
HYDRAULICS & PNEUMATICS LTD. WULFRUNA WORKS . VILLIERS STREET : WOLVERHAMPTON 


EE EEE ommmmomarcmmmmmms TA Ye TOT) St) LALLA sme EASES 
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INSTRUMENTATION 


NUCLEAR CHEMICAL ELECTRONIC 


AUTOMATIC CONTROL OF 
pH NEUTRALISATION OF EFFLUENT 


RAPID CONTINUOUS DETOXICATION 
OF TRADE WASTE CONTAINING 
CYANIDE AND CHROMATE 


A. M. LOCK & CO LTD 


79 UNION STREET, OLDHAM, LANCS. 
Telephone: MAIn 6744 
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and more 
people 
are using 


a 
I 
! 


cable clips 


| 


Millions of Insuloid Cable Clips are supplied every year to industries 
all over the world . . . in fact, wherever there’s wiring to be secured 
—you’ll find Insuloid Cable Clips. 


in nylon 


TYPE WX. 

%* Moulded from the highest grade nylon 
of immense strength. % Light as a feather 
—j} the weight of metal. ~% Resistant to 
practically all forms of corrosion. ~& Suit- 
able for usein extreme climatic conditions. 
* Eliminates “Cold Flow” with plastic 
cables. % Cable grip locking features. 
% Available in 17 sizes from j" to 1’ 
inside diameter. 


or P.V.C. 


TYPE X. Manufactured in highest grade 
P.V.C. in twenty-five different sizes from 
}” inside diameter to 2° inside diameter to 
cover the smallest and largest wiring runs. 


TYPE GY. For dual cable runs in seven- 
teen sizes covering cable diameters 4" 
up to #". In highest grade P.V.C. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, WYTHENSHAWE, Manchester. 
Tel: Wythenshawe 2842 & 3163. 
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ANE CONT ROR 


more efficient and reliable with the 
TEMPERATURE 
RE CONTROL UNIT 
EFFICIENT ELEMENT 
@ Very small—hence high sensitivity 


@ Platinum wire type—hence high stability 
@ No moving contacts—hence high reliability 


SENSITIVITY 
Relay will operate on 0.1% change in resistance 
of element. This represents 0.4°C at 100°C. 


TEMPERATURE RANGES 
RANGE | -80°C to -15°C 
-15°C to 100°C 
+ 100°C to 300°C 
+ 300°C to 500°C 


AIRMEC 


TEMPERATURE 
CONTROL UNIT 


No. N24! 


Price £19.15.0 


IMMEDIATE 
DELIVERY 


Arrmec 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS 
Telephone: High Wycombe 2501-7 
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AUTOMATIC BUNKER 
LEVEL CONTROL 


























MAIHAK 


The Maihak Bunker Level 
Indicator automatically controls 
the filling level of fine and coarse 
grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
dust, soap flakes, dried milk, etc. 
The Indicator can be fitted with 
either acoustic or visual signal 
equipment and the Maihak switch 
on the paddle operates, if required, 
the control pump or conveyor 
carrying the material to the 
Bunker. 

Complete details available from 
Sole Sales and Service 
Representatives in 


MAIHAK Gt. Britain and Ireland. 


SMAIL SONS & CO.LTD. 


21/7233 INDIA STREET, GLASGOW, C.3 
Telephone: CiTy 3301 Telegrams: ‘‘STEAM’’ GLASGOW 
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RELAY USERS 


“ CORREX” 
TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran 
teed. 






“Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. GARR & GO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.! 
Telephone TERMINUS 8866 (P.B.X.) 
176 
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Mercury 


SWITCHES 
SWITCH UNITS 
SWITCH RELAYS 




















Send for illustrated Catalogue 


1.A.C. LTD. 


Ref. C., 10 CHASE ROAD, 
LONDON, N.W.10 
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Q FRACTIONAL H.P. MOTORS LTD FRACTIONAL H.P. MOTORS LTD 
~— 
st 
” 
a 
8 FRACMO 
— 
Oo 
= 
a 
x= 
< 

z 
o 
_ 
VU 

< Type 334C40 

“ Geared Motor, with 

. A.C. and D.C. 

oO interchangeable 

ine frames. 

- 1-20 r.p.m. Torque: 

” 20-10 Ibs./ins. 

a 
Oo 
= 
oO 

= 

a 

= 

< 

z 

o 

o 

= from 1|/250th to I/3rd horsepower 

3 Our very wide range includes: 

2 A.C./D.C: Universal, Split Phase, Three Phase, 

Re ; Capacitor, Synchronous and Shaded Pole Motors, 
w Write for 1/250 h.p. to 1/3 h.p., also Geared Units, 

Oo List DaFI61PCA 0-25 to 600 r.p.m with Torque up to 850 Ibs./ins. 
Oo 

= FRACTIONAL H.P. MOTORS LIMITED 
a. 

= Rookery Way, Hendon, N.W.9 Phone: COLindale 8022/3/4 
$ Agents: Law & Plumtree, “‘Glenholme”, Holme Road, Matlock Bath, Derbyshire. 

Q Telephone: Matlock 326 
g (OR ir TT TTT 
2 DaF461CA 
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A New Philosophy in Motor Controls 


During a conversation with a prospective customer one of 
our Sales Engineers was told: “This talk is very 
difficult because you have quite another philosophy in 
Motor Controls.” At first we were puzzled, but then 
we had to agree. 





What are the main features of this new philosophy ? 























OUR CONTACTORS and other equipment have an especially 
long life in their mechanical structure and their contacts will last 
equally long without maintenance or replacement. This assures 
trouble free operation for the life of your machines. Costly 
breakdowns are avoided and maintenance costs are cut to a 
minimum. 


More Long-life 


Fewer Breakdowns 


OUR high precision THERMAL OVERLOAD UNITS give 
best protection at maximum motor output without undue 
tripping. They have three-phase protection with all three 
mechanically operating on only one auxiliary contact, and have 
automatic extended time calibration, field adjustment and fool- 
proof sealing. 


More Dependability 


Fewer Motor Burnouts 


OUR ENCLOSURES for all pilot devices and starters up to 
100 HP are of shockproof, non-conducting material. They 
protect the controls against dust, splashing liquids and mechanical 
damage and provide the utmost security for the operator. In 
case of an internal insulation failure the outside will never 
become alive, even if earthing facilities fail. Continuity of 
ground is provided by internally connected metal flanges for all 
sizes of conduits. High corrosion resistance is an additional 
advantage. 


More Security 
Fewer Accidents 


OUR COMPACT DESIGNS reduce size and weight to a 
minimum. These modern KME pilot devices and motor controls 
thus add economy of space to their many other advantages. 


More Compactness 
Less Space 


wr wo VT Ww 


KME CONTROLS 





KLOCKNER-MOELLER ENGLAND LTD. 
Head Office and Factory: Griffin Lane, Aylesbury, Bucks. 


For more information write or telephone our nearest office 


7, Charterhouse Bdgs., Princes Buildings, 2 Pritchett Street, Permanent House, 
Goswell Road, 28 Oxford Street, Aston, The Headrow, 
London, E.C.1. Manchester, |. Birmingham, 6. Leeds, |. 


CLE 0778 CENtral 0274 Aston Cross | 167 Leeds 3015! 
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DRAUGHT 
AND LOW 
PRESSURE 
GAUGES 
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| DCOL ELECTRICAL 

_ ADCOLA SOLDERING 
(Age. Trade Mark) EQUIPMENT 

Illustrated 





Sensitive 





fs DETACHABLE BIT 
SOLDERING 
INSTRUMENT 
List 64 





PROTECTIVE SHIELD 
with accessories List 700 









Manufactured in all Volt 
Ranges 


| British and Foreign Pats. 
| Regd. Designs, ete. 













Capsule movement, giving high degree 
of sensitivity and accuracy of 

+ 1% F.S.D."overjrange of — I” to 

+ 1 H,O to 0 — 1000” H,O F.S.D. 
Single pointer; Standard dial 6” 
diameter, 8” and 10” to special order, 









Catalogues 
Head office, sales and service 


Adcola Products Ltd. 




















































in anne oe Gauden Road 
For full details"write to:— Clapham High Street 
APPLEBY & IRELAND LIMITED || tortor wa 


BASINGSTOKE, HAMPSHIRE. 


Tel : MACaulay 3101 & 4272 
Telephone: Basingstoke 2510/1 /2/3 


Telegrams: SOLJOINT 
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| Simplified Control with 


HIGH | 
— Fe 


TESTING | and MOTORS 


fully | 
MYyYCALEX insulated | 


QUICK RELEASE TERMINALS | Many industrial users are 


For testing problems at low MM OW | eae tok — “we 
se and where there is in- simple valve in the delivery 
sufficient space to accom- line is all that is required 
modate the larger 15-amp when using Neumo positive displacement air operated pumps. 
terminal (many thousands of | This valve may be at any distance from the pump enabling 
which are already in use) operators to control pumps at distant points of delivery. 
the S-amp terminal is now The system is reliable because no extra control gear is employed, 
i the pump merely stalling by back pressure in the delivery line 
offered. These spring-loaded ; The 
t inal k faultl and recommencing delivery upon release of the pressure. 
erminals make faultless possibility of raising undue pressure in the line is avoided by 
electrical connections in- automatic over-load devices in the pump which can be set to 
stantly and safely. come into action at a predetermined pressure, 
Pumps are made in a wide variety of materials to cope with all 
liquids. Neumo motors containing only two moving parts are ® 













Please write for descriptive 


literature safe, —_ ae ana reciprocating motion and agsin 
MYCALEX may be stalled w dae, ek 
and T.1.M. LTD NEUMO LIMITED : 
Ashcroft 7 Cirencester, South Coast Road, PEACEHAVEN, Sussex. 
Phone: 1551 Telephone: Peacehaven 2115 & 3354. 
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EXAMPLES OF NEW DEVELOPMENTS 
IN MANUAL 


CONTROL 


Vision Control Unit originally 
developed for the B.B.C. in- 
corporating potentiometers and 
micro switches. 














Anew Joystick Selector Switch 
developed for furnace heat con- 
trol incorporating a mechanical 
interlocking system which pre- 
vents the operator inadvertently 
moving the lever backwards in 
an anti-clockwise direction or 
forwards through more than 
one heat selection at a time. 


products 
irom 












An extensive range of manual sequence controllers is now 
available, many of which can be readily adapted to customers’ 
individual applications. 





















Designed to withstand the 
exacting conditions of mod- 
ern aircraft, these small, 
robust, sealed switches are fitted with 
heavy duty 20 amp contacts and can be supplied from 
one to four pole with combinations or spring and manual 
return. The design which incorporates 
three basic moving parts, gives an excep- 
tionally long mechanical life. 










PYE LTD. SWITCH DIVISION 


OTEHALL WORKS, BURGESS HILL, SUSSEX 
Telephone: BURGESS HILL 2791/2 
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Here's a KINETROL How ULTRASOMC Cleanin 


damper is serving Industry ... 


Maem =| Precision cm BT iret enti, ee 
ead __Dashpot See ea ear 
the sealed unit for time delay, 


vibration and shock damping. 


@ Purely viscous 

—no friction 

@ Accurate numerical 
damping rates 

@ Special seal eliminates 
leaking and friction Manufactured 
@ Instrument quality—industrial by Mullard 
oie Equipment Ltd. 


@ Silicone filled and ball-bearings for oe aoe plate forthe moe fuel eevee, | has a _ in the centre 
. which is only a few thousandths of an iameter. It is important 
aianeitg sapien . that this hole is absolutely free from metallic swarf, lint, dust. etc, 
@ Height 2}". Angular Travel 60 i mete cleaning provides the perfect solution for the problem, 
: , ie dae e is carried out in an organic solvent and a complete work 
e Damping meg from 2 > 2,000 Ibs. ins. por load is handled in approximately one minute. 
radian per sec. Fixed or adjustable rate models. 


Adjustable mode! has calibrated knob to set any desired damping rate 10:1 range. The Write for literature and demonstration) 


Kinetro! dashpot is being used with success in many industries on a wide variety of new K e r r y ‘ & TECH NICAL SALES 
and existing machinery it could solve one of your problems. 


Uitrasenics) itd 
Send for details and complete technical specification. : DIVISIO N 
CONTROL ENGINEERS WARTON ROAD, STRATFORD, LONDON, £&j 
F TRADING ESTATE, FARNHAM, Tel. MARyland 6611. Works: Harold Hill, Romford, Esse: 
Gi baad SURREY. Tel: Farnham 5070 Manufacturers of Ultrasonic Equipment and sole U.K. distributors of Industri 
LIMITED pennatiintens €0 Giichéntn: Cissy Qeituntans Ultrasonic Equipment by Mullard Equipment Ltd. 
and Fine Wire Feeders. 


Join as many of us as you like 


Ezz4 MULTI-LOGK TERMINAL BLOCKS 


‘With Multi-Lock you can build up complete terminal block assemblies 
consisting ot any number of single units you choose. They are available in 
three ratings (15, 40 and 100 amp.) and can be mounted to any surface 
without special brackets or channels. The 40 amp. and 100 amp. blocks 
also interlock with one another to give two different ratings in one 
assembly. All Multi-Locks meet B.8.I. and C.8.A. specifications. 


M.T.E. CONTROL GEAR LTD - LEIGH-ON-SEA + ESSEX 


RRR 
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RECIRCULATING BALLS 


BALL RETURN TUBE 


WIPER SEAL 


, 
- 
_ BALL NUT 


ee 


Beaver pre-loaded ball screws, up to 95/ efficient, 
operate at—52 C to over 400°C with no backlash 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90% and they can operate within a tempera- 
ture range of —52°C to 400°C without lubrication, and up 
to 170°C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded bal] screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80%, when converting 
rotary drive into linear output or force input into torque 
output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


@ 


1961 


automatically reversible or with controlled ‘‘no-back,” with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 lb (825,000 Ib maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 


Bristol Siddeley Beaver ball splines have been de- 
veloped to eliminate the disadvantages of conventional 
splines. The designs are very effective in minimising fric- 
tion, particularly when high torsional and bending loads 
are imposed during linear movement. 


*Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc, Detroit. 

For further information please write to J. B. Starky, 
Sales Manager (Ball Screws and Splines), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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Circle 


ELECTROMECHANICS 


CONTROL’s first INDUSTRY GUIDE & DIGEST 
As well as summarizing the year's new and important 
control systems, components and instrumentation, 

it includes a revised and enlarged 

Buyers’ Guide, and the first-ever specialized 

Who's Who in the field of control engineering. 

Copies cost £1.0.0 

but they are free to all subscribers. 

(An introductory subscription to CONTROL 


PLICATIONS is only £1.10.0) 


FOR ADVERTISING RATES AND SUBSCRIPTION DETAILS 
WRITE OR PHONE 

ROWSE MUIR PUBLICATIONS LIMITED 

THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE ST 
LONOON W.1I: MUSEUM 8252 





—_— 


The Isenthal Automatic Regulator = 0 ———~— 
type “N.C.” is probably the most powe 
completely versatile control unit 


obtainable. There are types available = 5 enn ad nitag 
for regulating all sizes of generating ~~ vO a 


or processing equipment to satisfy a ay 





variety of conditions, either auto- oe ee 
matically, or as part of user’s cai = ces 
control system. yr i 
The “‘N.C.” Regulator is simple to ee 


operate and adjust, and requires the wr: 


a 
minimum of maintenance. It. may ae ee 


' well be the answer to your auto- 





matic process control problem. Our ie = a 

engineers are at your service to dis- -" 

cuss your problem with you and are wet i 
ready to call at your request. wn 9° 






“ ee 
ys 
et. 
““ISENTHAL 
Please send for illustrated descriptive leaflets. 


Isenthal & Co. Ltd., Ducon Works, Victoria Road, North Acton, London, W.3. Tel. ACOrn 3904. Grams: Isenthal, London. 
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Rotork 






international 
valve control 


Rotork, for a long time the only Company 
in Britain specializing in valve motorisa- 
tion, is now the only British Company 
with an international approach to valve 
control requirements. 

THE ACTUATORS. 

The Rotork ‘A’ range of actuators in standard form 





meets most requirements but can also be supplied to | 
comply with any industrial or national specifica- | 


tion, The range covers the power requirements of 
every type or size of valve. 


THE CONTROL SYSTEM. 


The electrical equipment and circuitry provide a 


flexible, versatile system which meets every type of 
control requirement, including local or remote 
pushbutton, automatic operation from data, 
sequence control and interlocking with other 
actuators or associated equipment etc. 
MANUFACTURE, SALES & SERVICE. 

Highly competitive prices on a world wide scale are 
assured by manufacturing and sales facilities in 
West Germany, France and Italy to augment U.K. 
production, as well as offices or agents in Holland, 
Switzerland, Australia, Canada, South Africa and 
the Arabian Gulf. 
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Simple! 


Secure! 


SIMPLIFIX 


For use with copper 
tube up to 2” o.d. 
Annealed and half- 
hard tube available 
from stock. 


TUBE FITTINGS 


The wide range of nylon tube couplings 
uses standard bodies. Nylon tube can 
be supplied in various colours. 





COUPLINGS 


Simplifix compression 
couplings are the 
easiest, fastest, most 
practical way to connect 
copper or nylon tube... 
designed to make perfect 
joints at the turn ofa 
spanner without the pipe 
twisting. Simplifix 
couplings are made ina 
full range of standard 
sizes. Also, non-standard 
fittings can be quickly 
produced to your 
specification. Illustrated 
catalogue and technical 
advice gladly provided 
on request. 


Name any big company in a valve-using industry 
and it is almost certain that you have named a 
Rotork customer, } 


Please write for our booklet entitled “ROTORK. VALVE CONTROL”. 


RAR sagammimipe ss <i eam lar eat SIMPLIFIX COUPLINGS LIMITED - HARGRAVE ROAD - MAIDENHEAD - BERKS. 


: ° ENCO G of Companies 
ROTORK ENGINEERING CO. LTD. of BATH, ENGLAND. Tel: 64558 — TEL: MAIDENHEAD 5100 A mentor of Ge MENCS Group . 
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Berks., quoting ref. 2944 309. 


LINEAGE ANNOUNCEMENT 


BOX Nos: 
COPY DATE: 


COMPUTER SHIFT 
SUPERVISOR 
required by 
UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


the operation of 
the I.B.M. 7090 computer at 
A.W.R.E., Aldermaston. This 
machine, the most powerful of its 
kind in Europe, is engaged 24 
hours a day in solving widely 
varied problems in the Atomic 
Energy field. Regular shift work 
is involved, based on a four-week 
rota including day, evening and 
night shifts averaging a 44-hour 
week. 


Applicants should be male and 
at least 25 years of age, prefer- 
ably with a pass degree or 
equivalent qualification. Some ex- 
perience in computational work 
would be an advantage. The 
successful applicant will receive 
a period of training, and there 
will be opportunities of promo- 
tion. 


to supervise 


Initial appointment will be 
made to the Experimental Officer 
or Assistant Experimental Officer 
grade according to age, qualifi- 
cations and experience. 

SALARY : 
Experimental Officer 
£1,165—£1,430 p.a 
Assistant Experimental 
Officer £820-£1,055 p.a. 


Superannuation scheme. A house 


or substantial assistance with 
house purchase will become 
available for married officers 
living beyond daily travelling 
distance. 

Please write for application 
form to the Senior Recruitment 
Officer, A.W.R.E., Aldermaston, 


INSTRUMENT TECHNICIAN 


Our expanding instrument department has 
vacancies for Instrument Technicians with 
experience in installation, calibration and 
maintenance of instruments and automatic 
control systems in process control. The 
company offers good salaries according to 
qualifications and excellent conditions of 
employment including a Pension and Life 
Assurance Scheme. Applications, in writing, 
giving details of training and experience 
should be made to: Personnel Manager. 
B.I.P. Chemicals Ltd., Oldbury. : 


CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES: 


RATES: 








1 insertion 40/- per single col. inch 

6 insertions 38/- per single col. inch 

12 insertions 36/- per single col. inch 

4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 
1/- extra will be charged 

Advertisements for May issue to be received not later than 21 April 


SITUATIONS VACANT 


Hawker Siddeley Aviation 


LIMITED 


GUIDED WEAPONS 





A. V. ROE & CO. LIMITED, 
WEAPONS RESEARCH DIVISION, WOODFORD, CHESHIRE. 
The Division, developing the BLUE STEEL strategic guided missile for the 


R.A.F. V-Bomber Force is situated in rural surroundings in North Cheshire, 
close to housing and shops and on convenient bus routes. 














AND HAS VACANCIES AS SHOWN BELOW IN THE 


CONTROL ENGINEERING DEPARTMENT 


which is responsible for 
Design, Development and Test 
of the 


ELECTRONIC SERVO HYDRAULIC 


components and assemblies which together make up the Control System. Teams 

of Senior Engineers, Engineers and Technicans work upon the various practical 

and theoretical aspects of the development programme, including Prototype and 

Environmental Testing and the preparation of all types of Electronic, Elect- 
rical and Mechanical drawings. 


TAULULYRANDUAOUUULUOGNOUNUULUVOLUUU0TOO CROLL OER A AURA 


na... SENIOR ENGINEERS 


with degree or H.N.C. and relevant experience. 


_ ENGINEERS 


with H.N.C. and relevant experience. 


pox 3. TECHNICIANS 


with O.N.C. and/or relevant experience. 


po . DRAUGHTSMEN 


with O.N.C. and/or relevant experience. 


{Nii 


INAMNMNNAANN 


JUNVMEOUALEUOOULAVAAROOOUEAASLUIAA 


TU 


Post 


N 


{VASMULLLAULNOUOESVOOEESHE 


ASHQULLVUNLLAORULLOUOALUEUCHAOA ALLAN 


HSANUUGLALUULiLSU00UQLE00OULAAODEAVEROLLSHAOOUAGAODUDUAAEOOAULLEODOATOOOOGAONOUASSODAGSASAOUGAQGOOD ASOD OASODAAABGOGAAAAUGES SS aGND DG AGLA ah SSSUUUUARS TAAL 












Apply, quoting Ref. No. WRD/CED/R.150/C and 
indicating post of interest to the :— 


Chief Engineer, A. V. ROE & CO. LIMITED, 
Weapons Research Division, Woodford Aerodrome, Cheshire. 






LOOKING FOR TECHNICAL STAFF! 
USE THESE COLUMNS REGULARLY 
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CLASSIFIED ADVERTISEMENTS 


SYSTEM ENGINEERING 
FOR THE PROCESS INDUSTRIES 


CONTROL April 1961 


Production has begun of a new form of on-line process control 
computer and this has opened up a field of engineering of great 
interest and vast possibilities. Opportunities now exist for 
Engineers to join the team which is developing and applying 
computing equipment in process control systems. The following 
vacancies must be filled urgently. 


CHEMICAL OR PETROLEUM ENGINEER 


An Engineer is required with wide experience in the chemical and 
petroleum industry who now wishes to advance his knowledge, 
experience and professional standing by working in the forefront 
of a new field of technology. 


PROCESS INSTRUMENT ENGINEER 


This Engineer will be required to use his expert knowledge of present 
day process control instrumentation to assist in the integration 
of new computing systems with existing industrial processes. 


MATHEMATICIAN 


An experienced Mathematician is required who will show considerable 
initiative and originality in analysing problems in control and in 
devising schemes for optimisation. His experience should include 
system analysis and operational research. 


Replies in confidence should be addressed to:— 
The Personnel Manager, Ref. 137 

The de Havilland Aircraft Company Limited 
Hatfield, Herts. 


Member Company of the Hawker Siddeley Group. 
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INSTRUMENT 
MECHANICS 


with sound experience of the maintenance and 
installation of automatic furnace control 
equipment and a good technical training 
covering pneumatic and electronic automatic 
controls are offered well-paid careers of variety 
and interest in our Steel Works at Bilston, 
Staffordshire. 


The men we choose will have staff status, 
including membership of our contributory 
staff pension scheme. Shift work is involved, 
and will be fully rewarded in salaries which 
will also take into account experience, quali- 
fications and age. ‘The Company also offers 
excellent canteen, recreational and other 
facilities. 


Please write fully to:— 
Assistant General Manager, 
Stewarts and Lloyds, Limited, 


Bilston Iron and Steel Works, 
Bilston, Staffs. 





UNIVERSITY OF BELFAST 
Research technician required as 
a general research assistant in 
connection with fluid dynamics, 
structures, soil mechanics, etc. 
The work will be mainly concerned 
with electronic equipment and will 
involve design, construction and 
development. The candidate 
should, therefore, have a suitable 
theoretical and practical back- 
ground but a degree is not essen- 
tial. Initial salary range £800- 
£1,000 according to qualifications. 








CENTRAL ELECTRICITY GENERATING BOARD 
SOUTH WESTERN DIVISION 


Vacancy No. C/AV/31/61 


Assistant Engineer (Instruments) required at Berkeley Nuclear 
Power Station. 

Superannuation Scheme. Salary, N.J.B. Class ‘M’, Grade 12, 
Scale 9. £1115/£1245 per annum. 

Applications are invited for the above post from men with a thorough 
theoretical and practical knowledge of electronic equipment and its 
servicing. The successful applicant will be engaged on high-grade 
servicing of all electronic and semi-conductor devices associated with 
nuclear reactors. The duties will also include assisting in the training 
of Instrument Mechanics in the electronics field. Opportunities will be 
provided for gaining experience in conventional power station 
equipment. 

Applications on Form A.E.6/ACT obtainable from the Divisional 
Secretary, 26, Oakfield Road, Bristol, 8, should be completed and 
returned by 11th May, 1961. 


DESIGN ENGINEERS 


The Micro Switch Division of Burgess Products Company Limited 
requires two Engineers to design and develop new projects. Whilst 
formal qualifications would be an asset, proven ability and experience, 
especially in small electro-mechanical devices, are the primary neces- 


sities. 
































































Applications to Professor A. H. Working conditions are excellent; there is a contributory pension fund x 
Naylor, Civil Engineering Depart- and a profit sharing scheme. 
5 . . . 
ment, by 15th May. 1961. Application forms may be obtained from the Personnel Officer, 
Burgess Products Company Limited, Dukes Way, Team Valley 
Trading Estate, Gateshead 11, County Durham. ‘5 
DRAUGHTSMEN | 
A CAREER IN BUSINESS AUTOMATION 
SENIOR DRAUGHTSMEN AND DESIGNERS ARE 
REQUIRED BY BLOCK & ANDERSON LIMITED, | 
to cope with continued expansion in the 
development of Office Machines and Systems. 
Worthwhile pensionable staff appointments 
with generous salaries, offering opportunities 
for individual merit and promotion. Excellent 
working conditions in well established inter- 
national Organisation. 
Applicants with H.N.C. or O.N.C. and 
practical experience in light precision mech- 
anisms are invited to make written applications, 4 ss 3 5 
stating details of education, training, ex- Have the following vacancies in the Instrumentation and Control Department 
Senne ‘gl oe eae > of their Shepherds Bush Laboratories: 
‘ersonnel Manager, 
BLOCK & ANDERSON LIMITED, 
Cambcidge Geove, CONTROL ENGINEER ; 
Hammersmith, London, W.6. as 3 ‘ beta y 
With interest in the development of control systems for winding operations, 
extrusion lines and other processes of the cable industry. 
SITUATIONS WANTED To carry out research in connection with the non-destructive testing of wires, 
rods, tubes and layers of electrical installation. 
PTE Coe ; Excellent working conditions in new air-conditioned Laboratory. Staff restau- 
Graduate in Mathematics and Physics ’ ial faciliti , 
: : rant, social facilities, etc. 
(26 years of age) with 2 years Industrial ex- 
ta. Auto-pilot aan ae to Applications giving details of age, qualifications, and experience should be 
— > ee in the field of a made to 
matic Control, i r v t wit 
large or small organisation. "Aunlaon —_ Personnel Officer, 
ni pan tane ee een to date, but British Insulated Callender’s Cables Limited, 
oo 8° Bon 137 — 38, Wood Lane, Shepherds Bush, W.12. 
CONTROL April 196! cc 



















CLASSIFIED ADVERTISEMENTS 





CAREERS 
WITH 


ADVANCE 
WITH RESEARCH & 


G.E.C. Applied Electronics Laboratories, Stanmore, engaged on many 
new and revolutionary projects, offer the opportunity of a permanent 
and progressive career to those who enjoy the exciting challenge of the 


future and combine the right background with the determination. to get 
ahead. 


(AWQUNVOOOLNUNOOULUQSNOULAAOLLLLGU44OOOAUOOUOELHEDUALOASOME PATHE OHTA 





Some of the many projects on which we are working embrace Digital Computing. Data Trans- 
mission, Analogue Computing, Microwave Techniques, Systems Analysis and Advanced Radar 
Techniques. These are only a selection offering first class careers to 


ENGINEERS - PHYSICISTS 


A career with G.E.C. at Stanmore has these additional advantages 





Advancement according to ability. 
Salaries which fully reflect responsibility, are reviewed annually. 
Interesting and absorbing work 


Pleasant working conditions in large modern aeaeaensten, situated in 
country cuveundiug but within easy ug veadh of London 


First class amenities including social and eshinate clubs, educational 
facilities, excellent staff restaurant, pension fund and sick club scheme. 


+ ot > OF 


There are openings throughout our varied projects, so if you are interested, please write to 
THE STAFF MANAGER, ref. C/HW, 


G.E.C. APPLIED ELECTRONICS LABORATORIES, STANMORE, MIDDLESEX 
















|| SCENTIST-TRANSLATORS 
RUSSIAN TO ENGLISH 


Supplement your income while you 
keep abreast of latest 
Soviet research in your field. | 


GUARANTEED steady flow of translation || 
in your specialty. Must have graduate study | 
| and experience in 
Physics (atomic, plasma, solid state) 
Crystallography 
Instrumentation, Automation 
Native command of English necessary 
Chinese-English scientist-translators also 
wanted. 


CONSULTANTS BUREAU. 
227 W.17 St, NY. 11, N.Y. 1 






ENGLISH ELECTRIC 
WHETSTONE NEAR LEICESTER 
CONTROL & INSTRUMENTATION 


Applications are invited from recently qualified 


ELECTRICAL ENGINEERS OR PHYSICISTS 






























































(or those qualifying this academic year) interested in industrial 
control and instrumentation work, both theoretical and experi- 
mental, with particular reference to nuclear reactors. Suitable 
candidates will be offered a 


ONE YEAR POST GRADUATE COURSE 


at a University or College of Advanced Technology. The salary 
during this period would be not less than £750 per annum. 













Translators and Abstractors 
Required from Russian, Czech, 
Polish, Hungarian and German. 
Subjects: Electronics, Automation, 

Computers, Instrumentation. 
Box 138 


| Please write to Department G.P.S., English Electric House, Strand, 
London, W.C.2, quoting reference number C 1812 M. 
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CLASSIFIED ADVERTISEMENTS 


COURSES 


NORTHAMPTON 


: UNIVERSITY OF CAMBRIDGE 
eee DEPARTMENT OF ENGINEERING 


ST. JOHN STREET, POSTGRADUATE COURSE IN CONTROL ENGINEERING 


LONDON, E.C.1. 


ASSISTANT LECTURER requir- 
ed for Department of Production 


The 1961-62 Postgraduate Course in Control Engineering will begin on 
9th October 1961 and will last approximately nine months. This course 


Technology and Control Engineer- has been established in order to meet the needs of Industry for men 
ing to teach at least two of (i) trained to a high standard in the theoretical principles and practical 
Automatic Control, (ii) Industrial application of automatic control and to afford opportunity for study of 
advanced techniques and modern development in the general field of 


Measurement or (iii) Instrument 
Production to Diploma in Tech- 
nology students. 

Applicants should have honours The number of students will be limited and applications must reach the 
degree in engineering or science Secretary of the Department not later than 31st May 1961. Candidates 


et ap oq coum aii should hold a degree in Engineering or a suitable alternative qualification 


encouraged. and have had at least 2 years’ practical training and experience. They 
This is a permanent, pensionable | may be required to attend for interview in Cambridge. 


a pa er nme; Further details and forms of application for admission may be obtained 


mum £850 rising to £1320. from the Secretary, Cambridge University Department of Engineering, 
Commencing rate dependent on Trumpington Street, Cambridge. 

qualifications and experience. 
Form and further particulars from 
the Secretary. 


Control Engineering, sometimes called “ Systems Engineering ”. 





SITUATIONS VACANT 


—-—— - —— = ot a b § YS 
UNIVERSITY OF BIRMINGHAM I LAD @ 
Graduate Course in Electrical ELECTRICAL ENGINEERS 


Machines Electrical Engineers who are keen to work in a stimulating environment with 
(Electromechanical Energy excellent prospects for advancement are invited to apply for two vacancies in 
Conversion and Automatic the computer field. 

Control) Successful applicants will be working on the design of peripheral machinery, 

A twelve month course leading to power supply equipment and interlocks. Knowledge of light mechanisms or 
the degree of M.Sc. by examination transistor electronics will be an advantage. _ ‘ 

will commence on 2nd October, A degree or H.N.C. in electrical engineering is desirable although men without 
1961. Topics included are Electro- these qualifications will also be considered. : 

mechanical Energy Conversion, Applications giving details of qualifications, experience, age and present 
Analysis of Rotating Machines, salary should be made in writing to: 

Mathematical Techniques, Auto- PERSONNEL MANAGER, LEO COMPUTERS LIMITED, 

matic Control Systems and either ’ HARTREE HOUSE, 151a QUEENSWAY, 

Electronic Computers or Electrical LONDON, W.2. 





Properties of Materials. 

Further information and application 
forms may be obtained from The 
Assistant Registrar (Science), The 
University, Birmingham 15. 


DATA RECORDING INSTRUMENT CO. LTD. 





Require 
An Electronics Engineer to assist with the development and construction of 
DIGITAL TAPE RECORDING EQUIPMENT. Applicants should possess 
O.N.C. Qualification or equivalent. The Initial Salary will be in the range of 
£700-£750 depending on age and experience. The Company operates a Super- 
annuation fund and its expansion programme offers excellent opportunities for 
advancement. Applications, which will be treated in confidence, giving details 
of career, should be addressed to: 











- University of Sheffield 
ANALOGUE COMPUTING METHODS for ENGINEERS 
13th - 16th June, 1961 








An introductory course for engineers who 
have not had previous training in electronics. 
The lectures will be supported by practical 
demonstrations, and students will have 
opportunities to operate both mechanical 
and electrical types of machine. 



















R. D. Simpson, 
Data Recording Instrument Co. Ltd., 
Woodthorpe Road, Ashford, Middx. 










Further details from W. A. Tuplin, D.Sc., 
M.I.Mech.E., Professor of Applied Mechan- 
ics, University, Mappin Street, Sheffield. 





188 CONTROL April 196! 









SUPPLIES & SERVICES 
SECTION 


CAPACITY AVAILABLE 
BUSINESS OPPORTUNITIES 
CONSULTANTS 





TELEPRINTERS 
PERFORATORS 
REPERFORATORS 
TAPE READERS 


Terminals and V.F. Telegraph multi- 
channel units; Testing Equipment, 
Test Frames, Telephone Carriers and 
Repeaters: Signalling Rectifiers and 
Relays, Transformers, Transmit and 
Receive Filters; Repeating and Retard- 
ation Coils; Racks, Relay Bases, 
Uniselectors, Remote Control Trans- 
mitters, British, American, and Ger- 
man Equipment. 


BATEY & CO., GAIETY WORKS, 
Akeman Street, Tring, Herts. 
Tel.: TRING 2183 and 2310 












TELEPHONE 















PRESSINGS IN ALL 

METALS 

up to 60 tons 

Press tools manufactured in our 
own toolroom. Light assemblies 
— Domestic, Electrical and 
Mechanical. All finishes. A.I.D. 
and A.R.B. approved. Advice 
and estimates given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone: 
Shoreham-by-Sea 2224-5 











DON’T FORGET PRECISION UNITS 
Ltd., Seacrest Works, Church Road, 
Parkstone (1664), Dorset, for Machine 
Engraved labels in plastic and metal. 
Keen prices. Reliable delivery. First 
Class productions. 


ie reremenertisinenipmqunenpegnnteinnicintintenitimmniatiitimeictnininini te 
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CLASSIFIED ADVERTISEMENTS 
aan x 2immo : 
PRECISION COLD 


ELESTA xc 


Do your build Electronic Counters? 


With the ELESTA EZ 10 B decade counter tube, now available as 
production model, production model, frequencies of up to one 
megacycle are possible with considerable savings in components; 
another great advantage is that the discharge can stand for very 
long periods on any one cathode of the EZ 10 B without deteriora- 
tion of performance. 


Write or telephone today for ctical and proven 
circuits and technical infor ountlen. about Elesta cold 
cathode tubes. 


BRITEC LIMITED 


17 CHARING CROSS ROAD, LONDON, W.C.2. 
























































Tel: WHitehall 3070 














PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. !08) now available. 
Covers small and medium solid core type 
including new types 45, 35, 36 and 37. 





Send for your copy now. 


Quick Delivery Solenoids are normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.8.) LTD. 


Dept. E, 
ferubénuemm, Hants. 
phone: Farnborough 1120 














50,000 PRECISION INSTRUMENT 
GEARS OF ALL TYPES FROM STOCK! 
(Now including Spiral Bevels) 





CAPSTAN TURNING 
14” dia. maximum bar size in 
Metal and Nylon 
ELECTRICAL CABLE 
ASSEMBLIES 








Write for fully comprehensive Catalogue 
THE DAVALL GEAR COMPANY 
LIMITED 


POTTERS BAR, MIDDLESEX 
Telephone Number: Potters Bar 2382 


























Two of our many services to 
the trade 











Electrical windings on production 

basis, F.H.P. armatures, stators, trans- 

formers, resistance tubes, Solenoid 
coils, chokes, etc. 


Immediate attention to all enquiries 
KENSAL ELECTRICS LTD 
151 Kensal Road, London, W.10 
LAD 4530 





PROGRESSIVE COMPANY of 
instrument makers and precision 
engineers are willing to enter into 
licensed agreement with patentees 
of electronic and mechanical 
instruments with good market 


prospects. 


Adequate facilities for develop- 
ment and production. 


Inquiries to: 
V. Lovett, Esq. 
H. & B. PRECISION 
ENGINEERS 
Station Estate, Watford, Herts. 





Your Enquiries Invited 
CHARLES BERNARD & CO. 
LTD. 

721 North Circular Rd., London, 


Telephone: GLAdstone 4019 


COLLIMATOR CASES LTD. Manufacture 
and design cases in wood for all types of 
scientific instruments and equipment; high- 
class joinery and cabinet work. Quick 
deliveries. Special prices for large quantities. 
Memel Wharf, 339 Albany Road, London, 


S.E.5. Telephone: Rodney 5734/5. 























































Adcola Products Ltd 178 
A.D.S. Relays Ltd 168 
Advance Components Ltd 22 
Advance Components Ltd (Mains 

Stabilization Div.) 145 
AE.I. Ltd (Electronic Apparatus 

Div.) 50 
A.E.L Ltd (Instrumentation Div.) 

56, 157 
A.E.I. Ltd (Radio & Electronic 

Components Div.) 135 
Airmec Ltd 175 
Alexander Controls Ltd 28 
Amber Oils Ltd 32 
Ampex Great Britain Ltd 125, 127 
Amphenol-Borg Ltd 143 
Anglo-American Vulcanized Fibre 

Co. Ltd 141 
Appleby & Ireland Ltd 178 
Armstrong Whitworth Aircraft Ltd, 

Sir W. G. 15 
Arrow Electric Switches Ltd 144 
Audco Controls 153 
B. & R. Relays Ltd Av 
Bendix Ericsson U.K. Ltd 13 
Benton & Stone Ltd 67, 139 
Blakeborough and Sons Ltd, J. 39 
Bristol Siddeley Engines Ltd 181 
British Electrical Development 

Association 131 
British Ermeto Corp. Ltd 128 
Burgess Products Co. Ltd 53 
Brush Crystal Co. Ltd 73 
Cambridge Instrument Co. Ltd 132 
Cannon Electric (Great Britain) 

Ltd 16 
Carr and Co. Ltd, James W. 176 
Carter Gears Ltd 57 
Clare Ltd, C. P. 159 
Classified Advertisements 184 
Colvern Ltd 72 
Crosby Valve & Eng Co. Ltd 23 
Datum Metal Products Ltd 166 
Dewhurst and Partner Ltd 66 
Electro-Hydraulics Ltd 16 
Electronics Associates Ltd 62 
Electronic Switchgear (London) 

Ltd 161 
Elliott Brothers (London) Ltd 14 
Elliott Bros (London) Ltd (Process 

Control Div.) 155 


English Electric Co. Ltd, The 41, 147 
English Numbering Machines Ltd 170 


Epsylon Industries Ltd 34 
Ericsson Telephones Ltd 65 
Ether Ltd 20, 36 


ADVERTISERS 





IN 


Fielden Electronics Ltd 192 
Firth Cleveland Instruments Ltd 167 
Fischer & Porter Ltd 152 
Fractional H.P. Motors Ltd 176 
General Electric Co. Ltd, The 38, 69 
Gesteelith Distributors Ltd 31 
Gordon & Co. Ltd, James 154 
Graviner 172 
Guest Keen & Nettlefolds (Mid- 

lands) Ltd 43 
Guiterman & Co. Ltd, S. 172 
G.W.B. Furnaces Ltd 169 
Haddon Transformers Ltd 56 
Hendrey Relays Ltd 150 
Hivac Ltd 18 
HML (Engineering) Ltd 30 
Honeywell Controls Ltd 45 
Hughes International (U.K.) Ltd 68 
Hydraulics and Pneumatics Ltd 173 
LA.C. Ltd 176 
I.D.M. Electronics Ltd 148 
Industrial and Commercial Finance 

Corp. Ltd 127 
Isenthal & Co. Ltd 182 
Insuloid Manufacturing Co. Ltd 174 
Leeds & Northrup 64 
International Computers & Tabula- 

tors Ltd 79 
International Rectifier Co. 17 
Jones Tate and Co. Ltd 60 
Kane (Sealants) Ltd, Douglas 55 
K.D.G. Instruments Ltd 154 
Kent Ltd, George 191 
Kerry’s (Ultrasonics) Ltd 180 
Ketay Ltd 44 
K.G.M. Electronics Ltd 16 
Kinetrol Ltd 180 


Klockner-Moeller England Ltd 177 


Lintott Engineering Ltd 46 
Lock and Co. Ltd, A. M. 174 
Lockheed Precision Products Ltd 7 
Londex Ltd 162 
Lunds of Wandsworth 158 
Lyons Ltd, Claude 164 


Magnetic Devices Ltd 58, 59 
Magnetic Valve Co. Ltd, The 163 
Maxam Power Ltd 10, 11 
McMurdo Instrument Co. Ltd 170 


Mesucora 70 
M.T.E. Control Gear Ltd 180 
Muirhead and Co. Ltd 24 


THIS 





ISSUE 


Mullard Ltd (Semiconductors Div.) 54 


Mycalex & T.I.M. Ltd 178 
Negretti & Zambra Ltd 168 
Neumo Ltd 178 
New Electronic Products Ltd 52 
Newton Brothers (Derby) Ltd 160 
Otter Controls Ltd 80 
Painton and Co. Ltd 35 
Parkinson Cowan Measurement 26, 27 
Parvalux Electric Motors Ltd 164 
Pelapone Ltd 12 
Pergamon Press 139 
Pilot Plug Gauge Co. Ltd, The 2 
Pitman 139 
Plessey Co. Ltd, The 6 
Pratt and Co. Ltd, F. 165 
Pullin and Co. Ltd, R. B. 51 
Pye Electric Ltd 179 
Pyrotenax Ltd 8 
Rocol Ltd 142 
Rotameter Manufacturing Co. Ltd 146 
Rotork Eng Co. Ltd 183 
Sargrove Electronics Ltd 132 
Schrader’s Son, A. 63 
Scientific Furnishings Ltd 152 

Scott Electronic Engineering Ltd, 
James 158 
Sealdraught Ltd 37 
Simplifix Couplings Ltd 183 
Smail Sons and Co. Ltd 176 
Smiths (Industrial Div.) 25, 48, 140 
Southern Instruments Ltd 47 
Square D Ltd 74, 75 

Standard Telephones & Cables Ltd 
49, 151 


ae Atkinson Vickers Hydraulics 
t 


Stonebridge Electrical Co. Ltd, The 162 


Stone-Chance Ltd 19 
Taylor Controls Ltd 136 
Tecalemit Ltd 171 
Telephone Manufacturing Co. Ltd 61 
Telequipment Ltd 29 
Texas Instruments Ltd 5 
Thompson Ltd, J. Langham 40 
Thorn Electrical Industries Ltd 33 
Tinsley and Co. Ltd, H. 160 


Vactric (Control Equipment) Ltd 42 
Venner Electronics Ltd 21 
Vickers-Armstrongs (Engineers) Ltd 71 


Wallace and Tiernan 150 
Willesden Transformers Ltd 166 
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Wherever 
measurement 
and control... 


let KENT experience guide you 


When their first complete automatic-boiler-control system 
was installed at Hackney Power Station, KENT laid the 
foundations of an experience that has steadily widened into 
instrumenting steam-raising plant of every kind and size. 
Today many famous power stations about the globe are 
KENT-equipped; and in a number of National generating 
projects currently under construction the control instrumenta- 
tion is in the hands of the KENT Organization. 


Yet the Company, conscious that its growth to world-wide 
proportions was largely built up on a tradition of service to 
users big and small, is always most ready to meet the more 
simple requirements of the industrial boilerhouse—such as the 
draught gauge, the rotary-shunt pipeline meter for totalizing 
steam or water flow, and the Multelec CO. (or O.) and tem- 
perature recorder. 


From the single measuring unit to the engineering, supply, 
installation and commissioning of a complex automatic- 
control scheme complete with panels, experience matters. 


f | masters 
| of instrumentation 


GEORGE KENT LIMITED - LUTON - BEDFORDSHIRE - ENGLAND 
Telephone: Luton 2440 Cables & Telegrams : Kents Luton Telex 
Registered Office : 199-201 High Holborn, London, W.C.| 


Factories, Subsidiary Companies, Branch Offices and Representatives throughout the world 
TA 4683 
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VERY ROBUST. Sealed 6” diameter in- 
strument, with measuring bulb in y 
diameter stainless steel sheath. 


British and Foreign 
LOW COST. A practical and economic re- patents pending 


placement for filled systems and moving coil 
instruments — send for price list. 


TRANSISTORISED. Exceptional reliability 
with a printed circuit and robust motor 


driven indicating pointer. 12 volt battery or | yf 
mains supply. ; 
EASILY FITTED. Simple clamp mounting 


with robust terminals. No fragile capillary 


tubes or expensive compensating cable — 


Se ita Weel 


ACCURATE AND RAPID RESPONSI 
Reproductibility better than 0°25% on 13’ 


scale, response time 1 second. : 
73 TEMPERATURE RANGES in-F ana‘c 
for temperatures up to 850°C. 


ALSO... 


“BIKINI” CONTROLLER 

Differential 0°5°C. Includes similar 
features to the Bikini Indicator. 
Send for specification sheet BIK.1 
and price list. 


MEASURING J “BIKINI” INDICATOR /CONTROLLER 
BULB Yj The Indicator can be supplied with an 
| adjustable control contact 
for use with local or remote alarm 


REMOTE INDICATION. or control relay. 


The Indicator can be up to 300 feet away from the mea- 
suring point with no effect on calibration and accuracy. 


OO OLLI 


Send for Specification Sheet BIK 2/C and Price 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE .- 
ALSO AUSTRALIA, ITALY AND CANADA 
Agents thoughout the world 


MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester Indicat 
Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON}& CO. LTD) Reco 


AND DUBLIN Control 
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